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PREFACE. 


Two  reasons  have  led  the  author  to  crivo  this  Manual  its 
American  character:  a  desire  to  udapt  it  to  the  wants  of  Ame- 
rican students,  and  a  beliet  that,  on  account  of  a  peculiar  nim- 
pliciiy  and  unity,  American  Geological  History  ati'ords  the  best 
basis  for  a  text-book  of  the  science.  North  America  stands 
alone  in  the  ocean,  a  simple  isolated  specimen  of  a  continent 
i^even  South  America  lying  to  the  eastward  of  its  meridians), 
and  the  laws  of  progre.<;s  have  been  undisturbed  by  the  conllictini^ 
movements  of  other  lands.  The  author  has,  therefore,  written 
oat  American  Geolog)'  by  itself,  as  a  continuous  history.  Facts 
have,  however,  been  added  from  other  continents  so  far  as  was 
required  to  give  completeness  to  the  work  and  exhibit  strongly 
the  comprehenaivenesa  of  its  principles. 

It  has  been  the  author's  aim  to  present,  for  study,  not  a  series 
of  rocks  with  their  dead  fossils,  bat  the  saccessiye  phases  in  the 
history  of  the  earth, — ^its  continents,  seas,  climates,  life,  and  the 
various  <  j  rations  in  progress.  Dynamical  Gkology,  contrary 
to  the  views  of  some  geologists,  has  been  placed  after  the  strati- 
graphical  or  historical  portion.  It  will,  however,  be  found  that 
through  the  latter  the  facts  have  been  followed  by  statements 
and  explanations  of  principles;  so  that  the  student,  on  reaching 
the  pages  treating  of  Geological  Causes,  will  have  already 
learned  much  of  what  they  contain. 

As  many  readers  may  not  be  familiar  with  Zoolog}',  a  review 
of  the  classification  of  animals,  with  many  illustrations,  has  been 
given  before  entering  upon  the  Dynamical  History  of  the  ancient 
life  of  the  world. 
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The  Manual  has  been  adapted  to  two  classes  of  students, — 
the  literary  and  scientific, — by  printing  the  details  in  finer 
type.  The  convenience  of  a  literary  class  has  been  lui  ther  pro- 
vided for  by  the  addition  of  a  brief  synopsis  of  the  work,  in 
which  each  head  is  made  to  present  a  subject,  or  question,  for 
special  attention. 

In  the  preparation  of  the  American  part  of  the  Yolmne,  the 
anthor  has  freely  used  the  reports  of  the  vaxkm  geological 
enrveys  of  the  country,  the  memoirs  published  in  the  difierent 
sdentiftc  journals  and  transactions,  and  other  works  bearing  on 
the  sulgeet.  He  has  also  drawn  firom  his  own  Memoirs  and  Ex- 
ploring Expedition  Reports,  especially  on  the  subjects  of  Ooral 
islands, — ^Volcanic  islands, — ^the  Formation  of  Valleys  by  the 
action  of  rivers,— the  General  Features  of  the  Globe,  and  their 
origin, — ^American  Geological  history, — and  the  Temperature 
of  the  Globe,  as  exhibited  on  the  Physiographic  Chart. 

The  illustrations  of  American  Palaeozoic  life  have  been 
largely  copied  from  the  Reports  of  Professor  Hall.  A  few  of 
the  Palffiozoic  figures,  and  many  of  later  periods,  are  from 
original  drawings  made  by  Mr.  F.  B.  M'eek,  to  whose  artistic 
skill  and  jinla^ontologiGal  science  the  work  is,  throughout,  greatly 
indebted.  The  drawings  were  nearly  all  made  on  the  wood  for 
engravinp;  by  Mr.  Meek;  and  the  palfeontologieal  pages  have  had 
the  benefit  of  his  revision.  The  name  of  the  engraver,  Lock- 
wood  Saj^foad,  of  New  Haven,  also  deserves  mention  in  this 
place. 

Tn  selecting  figures  of  foreign  fossils  for  the  Manual,  those 
used  in  Lyell's  and  other  standard  English  works  have,  with 
few  exce])tions,  been  avoided,  so  that  the  student  owning  any 
of  those  volumes  will  have  additional  illustrations  of  the 
science.  Many  of  the  foreign  figures  are  from  the  boautifully 
illustrated  "  Pah'^ontologie  et  Goologie"  of  Alcide  d'Orbigny. 

The  anthor  would  make  acknowledgments  to  his  countrymen 
for  the  readiness  with  which  they  have  furnished  aid,  whenever 
appealed  to,  and  especially,  for  oft-repeated  favors,  to  J.  P, 
Lesley,  of  Philadelphia;  J.  S.  Newbeery,  of  Cleveland,  Ohio; 
Arnold  Guyot,  of  Princeton,  N.J. ;  L.  Lesquereux,  of  Co- 
lumbus, Ohio;  £.  Bxllinos,  of  Montreal,  Canada;  E.  Jewett, 
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of  Albftny,  N.Y.;  and  W.  0.  MuroB  and  Fbank  H.  Bkablet, 
of  New  Hayen.  Mr.  Bradley  has  given  freely  his  constant  as- 
oatanoe  during  the  prpgrees  of  the  work  throngh  the  preea* 

Hie  author  has  endeavored  to  bring  the  Tolnme  into  as  small 
a  compass  as  is  consistent  with  a  proper  exhibition  of  the 
sdenoe;  and  if  some  find  its  pages  too  numeroas*  he  feels  con- 
fident that  quite  as  many  wonld  prefer  greater  fulness.  The 
details  introduced  have  seemed  to  be  neceesaiy  in  order  that  the 
march  of  events  might  be  appreciated. 

Geology  is  rapidly  taking  its  place  as  an  introduction  to  the 
higher  history  of  man.  If  the  author  has  sought  to  exalt  a 
favorite  science,  it  has  been  with  the  desire  that  man — in  whom 
geological  history  had  its  consummation,  the  prophecies  of  the 
successive  ages  their  fulfilment — might  better  comprehend  lus 
own  nobility  and  the  true  purpose  of  his  existence. 

Niv  1L&TSJI,  Ct,  NoTember  1, 18^ 
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1.  Kingdoms  of  nature. — Science,  in  hor  survey  of  the  earth, 
has  recognized  three  kingdoms  of  nature, — the  unimul,  the  vege- 
UUe,  and  the  inorgftnio ;  or,  nuning  them  from  the  forms  ohorao- 
teristic  of  eech,  the  AviiiAL-iuNaooii,  the  flanv-kotgdoii,  and  the 
cmrAi^KiKGDoM.  An  individual  in  either  kingdom  has  its  sys- 
tematic  mo<Ie  of  formation  or  growth. 

The  jilant  or  animal.  (1)  endowed  with  Hfo,  (2)  rominonoos  fi-om 
a  gt  rm.  (3)  grows  l»y  nu-ans  of  imbiltrd  mitriiiii  nt,  an<l  (4)  f)assCH 
through  a  series  of  cliauges  and  gradual  development  to  the  adult 
state,  when  (5)  it  evolves  new  seeds  or  germs,  and  (6)  afterward 
oontinaes  on  to  death  and  dissolution. 

It  has,  hence,  its  cycle  of  growth  and  reproduction,  and  cycle 
firflowB  cycle  in  indefinite  continuance. 

The  cn."stal  is  (])  a  lifeless  object,  and  has  a  simpler  history:  it 
(2)  begins  in  a  nuclriil  nio!.>riil<»  or  particle;  (3)  it  <'nhirgc.s  by 
external  addition  or  accrciii'ii  alone;  and  (4)  there  is,  luiiice,  no 
proper  development,  as  th»'  ( rystal  is  perfect,  however  minute ; 
(5)  it  ends  in  simply  existing,  and  not  in  reproducing;  and,  (6) 
bring  lifdess,  there  is  no  proper  death  or  necessary  dissolution. 

Such  are  the  individualities  in  the  great  kingdoms  of  nature 
displayed  upon  the  earth.  4^ 

2.  But  the  earth  also,  according  to  Geology,  has  been  brought  to 
it"*  |»rt'-<  iit  con'lition  through  a  series  of  changes  or  progressive 
formations,  and  from  a  state  as  utterly  featureless  as  a  germ. 
Koreover,  like  any  plant  or  animal,  it  has  its  special  qrstems  of 
interior  and  exterior  structure,  and  of  interior  and  exterior  condi* 
^ns,  movementa,  and  changes;  and,  although  Infinite  Mind  has 
guided  all  events  towards  the  great  end, — a  world  for  mind, — the 
eartli  has,  under  this  guidance  and  apyiointcd  law,  passed  through 
a  retnilnr  course  of  history  or  growtii.  Having,  therefore,  as  a 
sphere,  its  comprehensive  system  of  growth,  it  is  a  unit  or  indi\  i- 
duality,  not,  indeed,  in  either  of  the  three  kingdoms  of  natir.*e 
which  have  been  mentioned,  but  in  a  higher,«4t  WoKLD-EtyoDox. 

t  1 
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2  li<TBODUCTION. 

Every  sphere  in  Bp«ce  miwt  hftve  had  a  related  system  of  growth, 
and  all  are,  in  fact,  individualities  in  this  Kingdom  of  Worlds. 

Geology  treats  of  tlie  earth  in  this  grand  relation.  It  is  as 
much  removed  from  Mineralogy  as  from  Botany  and  Zoology.  It 
usejj  all  these  departments  ;  for  the  sperie«*  uiuler  tht^in  are  the 
objects  which  make  up  the  earth  and  enter  into  geological  lus- 
tory.  The  science  of  minerals  is  more  immediately  important  to 
the  geologist,  because  aggregations  of  minerals  constitute  rocks, 
or  the  plastic  material  in  which  the  records  of  the  past  were  made. 

3.  The  earth,  regarded  as  such  an  individuality  in  a  world-king- 
dom, has  not  only  its  compreliensive  system  of  growth,  in  which 
strata  have  hot-n  added  to  strata,  continents  and  seas  d(»fiTied, 
mountains  n  ari  fl,  and  valleys,  rivers,  and  plains  fonnrd.  all  in 
orderly  plan,  but  also  a  system  of  currents  in  its  oceans  and  atmo- 
sphere,— the  earth's  circulating-system;  its  equally  world-wide 
system  in  the  distribution  of  heat,  light,  moisture,  and  magnetism, 
plants  and  animals ;  its  system  of  secular  variations  (daily,  annual, 
etc.)  in  its  climate  and  all  meteorological  phenomena.  In  these 
characteristics  the  sphere  before  us  is  an  individual,  as  much 
so  as  a  crystal  or  a  tree;  and,  to  arrive  at  any  correct  views 
on  these  subjects,  the  world  must  be  regar<h'd  in  thi>;  capacity. 
The  distribution  of  man  and  nations,  and  of  all  productions 
that  pertain  to  man's  welfare,  comes 'in  under  the  same  grand 
relation ;  for  in  helping  to  carry  forward  man's  progress  as  a  race 
the  sphere  is  working  out  its  final  purpose. 

There  are,  therefore, 

4.  Three  departments  of  soienoa  ailaing  out  of  this  Indi- 
vidual capacity  of  the  earth. 

I.  Gf.oixmjv,  which  treats  of  f  1 )  the  earth's  structure,  and  (2)  its 
system  of  development, — the  last  including  (1)  its  progress  in 
rooks,  lands,  seas,  mountains,  etc. ;  (2)  its  progress  in  all  physical 
conditions,  as  heat,  moisture,  etc. ;  (3)  its  progress  in  life,  or  its 
vegetable  and  animal  tribes. 

II.  Pnvsio«RAPnv.  wliich  begins  where  Geology  ends, — that  is. 
with  tlie  adult  or  finisbe<l  earth. — and  treats  (1)  of  the  earth's  final 
surface-arrangements  (a><  t<i  its  features,  climatr-i.  magnetism,  life, 
etc.),  and  (2)  its  system  ot  i)hysical  movements  or  changes  (as 
atmospheric  and  oceanic  currents,  and  other  secular  variations  in 
heat,  moisture,  magnetism,  etc.). 

III.  Tbb  bakth  wtrn  rbrkkncb  to  mam  (including  ordinary  Geo- 
gnphy):  (1)  the  distribution  of  race<  or  nations,  and  of  all  pro- 
ductions or  conditions  bearing  on  the  welfare  of  man  or  nations  s 
and  (2)  the  progressive  changes  of  races  and  nations. 
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The  first  coiT^iders  the  structure  and  growth  of  the  e.irtli  ;  the 
second,  its  features  and  world-wide  activities  in  its  finislied  state; 
the  third,  the  fulfilment  of  its  purpotio  in  mun,  for  whose  pupil- 
age it  WW  made. 

5.  BaUitton  of  ihe  earth  to  the  nntrane.'— WhOe  recognising  the 
earth  as  a  sphere  in  a  world-kingdom,  it  is  also  important  to  obaenre 
that  the  earth  holds  a  very  subordinate  position  in  the  system  of 
the  heavens.  It  is  one  of  the  smaller  satellites  of  the  sun. — its  size 
about  l-14<Mj,(X)()th  that  of  the  sun.  And  the  j>hinetary  system  to 
which  it  belongs,  although  3,0(X),(>lK),tM_M.)  of  niih?.s  in  radius,  is  but 
one  among  myriads,  the  nearest  star  7000  times  farther  otf  than 
Neptune.  Thus  it  appears  that  the  earth  is  a  very  little  object  in 
the  universe.  Henoe  we  naturally  eondude  that  the  earth  is  hat 
m  de|>endent  part  of  the  solar  system;  that  as  a  satellite  of  the 
sun,  in  conjunction  with  other  planets,  it  could  no  more  hare 
existed  before  the  sun,  or  our  i>lanetary  system  before  the  uni- 
verse r)f  which  it  is  a  part,  than  the  hand  before  the  body  which 
it  obediently  attends. 

Although  thus  diminutive,  the  laws  of  the  earth  are  the  laws  of 
the  universe.  One  of  the  ftindamental  laws  of  matter  is  gravita> 
tion ;  and  this  we  trace  not  only  through  our  planetery  ^stem, 
bat  among  the  fixed  stars,  and  thus  know  that  one  law  pervades 
the  universe. 

The  rays  of  light  which  como  in  from  the  remote  limits  of  .««pace 
are  a  visiV»h^  declaration  of  unity:  for  this  light  depends  on  mole- 
cular vibrations, — that  is,  the  ultiniato  constitution  and  mode  of 
action  of  matter;  and  by  the  identity  of  its  principles  or  laws, 
whatever  its  soaroe^  it  proves  the  essential  identity  of  the  moleonles 
of  natter. 

Ibteorie  stones  are  specimens  of  celestial  bodies  occasionally 
sent  to  us  from  the  heavens.  They  exemplify  the  same  chemical 
and  crystallograpliic  laws  as  tlu*  rocks  of  the  earth,  and  have 
afforded  no  new  element  or  principle  of  any  kind. 

The  moon  presents  to  the  telescope  a  surface  covered  with  the 
craters  d  volcanoes,  having  forms  that  are  well  illustrated  by  some 
of  the  earth's  volcanoes,  although  of  immense  site.  The  principles 
exiemplified  on  the  earth  are  but  repeated  in  her  satellite. 

6.  Thus,  from  gravitation,  light,  meteorites,  and  the  earth's  satel- 
lite, we  learn  that  there  is  oneness  of  law  through  space.  The 
elements  may  differ  in  different  .systems,  but  it  is  n  difference  such 
as  exists  among  known  elements,  and  could  give  us  no  new  funda- 
mental laws.  New  crystalline  forms  might  be  found  in  the  depths 
of  space,  but  the  laws  of  crystallography  would  be  the  same  that 
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are  di^^plav  cd  before  us  among  the  cry  stab  of  the  earth.  A  text- 
book on  (>ystaUography,  Physics*  or  Celestial  Mechanics,  printed 
in  our  printing-ofiBoes,  would  serve  for  the  universe.  The  universe, 

if  open  throughout  to. our  explorations,  would  vastly  expand  our 
knowlodgi-,  and  gcience  might  havo  a  more  beautiftll  superstruct* 
uro,  but  it.s  basement-laws  would  be  tht*  same. 

The  earth,  therefore,  although  but  an  atom  in  immensity,  is 
immensity  itself  in  its  revelations  of  truth ;  and  science,  though 
gathered  from  one  small  sphere,  is  the  deciphered  law  of  all 
spheres. 

It  is  well  to  have  the  mind  deeply  imbued  with  this  thought 
before  entering  upon  the  study  of  the  earth.    It  gives  grandeur 

to  science  and  dignity  to  man.  and  will  help  the  geologist  to 
apprehend  the  loftier  characteristics  of  the  last  of  the  geological 
ages. 

7.  Bpeoial  aim  of  geology,  and  method  of  geological  reaaoning. 
— -Oeology  is  sometimes  defined  as  the  science  of  the  structure  of 
the  earth.   But  the  ideas  of  structure  and  cr^in  of  structure  are 

inseparably  connected,  and  in  all  geological  investigations  they  go 
together.  Geology  had  its  very  beginning  and  essence  in  the  idea 
that  rocks  were  made  through  secondary  causes  ;  and  its  great  aim 
has  ever  been  to  study  structure  in  order  to  <onipreliend  the 
eartli's  history.  The  science,  therefore,  is  a  liistorical  science. 
It  finds  strata  of  sandstone,  day- rock,  and  limestone,  lying 
above  one  another  in  many  successions ;  and,  observing  them  in 
their  order,  it  assumes,  not  only  that  the  sandstones  were  made 
of  sand  by  some  slow  i»ocess,  clayey  rocks  of  day,  and  so  on,  but 
that  the  strata  were  succr.mirff/  formed  ;  that,  therefore,  they  l)el«>ng 
to  m/rrrs.yivc  pcrioih  in  the  earth's  past ;  that,  consequently,  the 
lowt'st  in  a  series  were  the  car/irst  beds.     It  hence  infers, 

further,  that  each  rock  indicates  some  facts  respecting  the  condi- 
tion of  the  sea  or  land  at  the  time  it  was  Ibtmed,  one  conation 
originating  sand  deposits,  another  day  d^Meits,  another  lime,— and« 
if  the  beds  extend  over  thousands  of  square  miles,  that  the  several 
conditions  prevailed  uniformly  to  this  same  extent  at  least.  The 
rooks  are  thus  regarded  as  records  of  successive  events  in  the 
history. — indeed,  as  actual  historical  records  ;  and  every  new  fact 
ascertained  by  a  close  study  of  their  structure,  he  it  but  the  occur- 
rence of  a  pebble,  or  a  seam  of  coal,  or  a  bed  of  ore,  or  a  crack,  or 
any  marking  whatever,  is  an  addition  to  the  records,  to  be  inter* 
preted  by  careftil  study. 

Thus  eveiy  rock  marks  an  epoch  in  the  history ;  and  groups  of 
rooks,  periods;  and  still  larger  groups,  ages;  and  so  the  ages  which 
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reach  through  g«ologicftl  time  are  rdpretented  in  order  by  the 
rocks  that  extend  from  the  lowest  to  the  uppermost  of  the 

series. 

8.  If,  now,  the  proat  hods  of  rook,  instead  of  lyinfr  in  ovon  hori- 
zontal laytTs,  are  iiiiu  h  loKif(l  uj>,  or  lie  inclined  at  various  anfrlos, 
or  are  broken  and  dislocated  through  hundreds  or  thousands 
of  feet  in  depth,  or  ere  uplifted  into  mountain-elevation^i,  they 
beer  record  of  still  other  events  in  the  great  hbtory;  and  should 
the  geologist,  by  careful  study,  learn  how  the  great  disturbance  cr 
fracture  was  produced,  or  succeed  in  locating  its  time  of  occur- 
rence among  the  epoclis  registered  in  the  rot-ks,  he  would  have 
interpreted  the  ri'iord.  and  adderl  not  only  a  fact  to  tin*  history, 
but  also  its  full  explanation.  The  history  is,  lu  ncc,  u  history  of 
the  upturiiiugii  of  the  earth'tf  cruiit,  as  well  us  of  its  more  quiet 
rock>making. 

Ii;  in  addition,  a  fossil  shell,  or  coral,  or  bone,  or  leaf,  is  found  in 

one  of  the  beds,  it  is  :\  i-*>licof  some  species  that  lived  when  that 
rock  was  forming;  it  hrlongs  to  that  epoch  in  tin*  world  repro- 
^nted  V>y  the  particular  r<i<  k  cojitaining  it.  and  tells  of  the  life 
of  that  epoch  ;  and  if  mmilM-rs  of  such  organic  remains  occur 
together,  they  enable  us  to  people  the  seas  or  land,  to  our  imagi- 
nation, with  the  very  life  that  belonged  to  the  ancient  epoch. 

Moreover,  as  such  fossils  are  common  in  a  large  number  of  the 
strata,  from  the  lowest  containing  signs  of  life  to  the  top, — that  is, 
from  the  oldest  beds  to  the  most  recent, — by  studying  out  the 
characters  of  these  remains  in  each,  we  are  enabled  to  restore,  to 
our  minds,  to  some  extent,  the  populati<»n  of  all  thf  epochs  m 
they  follow  one  another  in  the  long  series.  The  strata  are  thus 
not  simply  records  of  moving  seas,  sands,  clays,  and  pebbles,  and 
disturbed  or  uplifted  strata,  but  also  of  the  living  beings  that 
have  in  succession  occupied  the  land  or  waters.  The  history  is  a 
history  of  the  life  of  the  globe,  as  well  a>  of  its  rock-formations; 
an<l  the  life-history  is  the  great  topic  ot  (ieology;  it  adds  tenfold 
interest  to  the  other  records  of  the  dead  ro<-ks. 

These  examples  are  .sufficient  to  explain  the  basis  and  general 
bearing  of  geological  history. 

The  method  of  iuterpreting  the  record*  re«U  upon  the  simple  principle  that  rocks 
mn  nads  as  Ihsy  an  wm  m»da,  and  Hiat  Ulb  Uvsd  hi  oldm  as  it  now  Urss; 
waif  fbrther,  ths  nisd  Is  fiiresd  into  rsoslviag  tlis  eoaslusions  sniTsdatby  its  oim 

Isvn  of  action. 

For  example,  we  go  to  the  aea-shore,  and  observe  Uio  sands  thrown  up  hy  tbo 
eaves;  not*  bow  tho  wash  of  the  waves  bring*  in  layer  upon  layer,  though  with 
■any  famgiilaritieo ;  how  the  progresiing  vratcrn  raise  ripples  over  the  surfnco. 
whlsh  tbsaosi  wmvo  beries  bsneatii  other  sands;  how  sneh  sand-beds  gradnaUy 
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taerMM  in  •xtnt;  htm  tiny  are  oAai  eratinncd  oat  nmm  of  mite  bomftth  Um 
sea,  an  tlio  bottom  of  «1m  iliaUow  abore- waters ;  «ad  tittt  llwM  mbmoifad  bodi  am 

formed  throu^ti  conjifaiit  (K'jio«ifi'iiis  tV'Hii  the  cvor-movinp  wntcrf.  Then  we 
amoDg  the  bard  rocks,  aod  tind  dtrula  made  of  saad  io  irregular  lasers,  mucb  like 
tlMMo  of  tlw  ImtAi }  md  on  oponing  aome  of  tbo  layers  we  dieooTor  r^^tk^marlu 
ooveriag  the  sarfiMa^  as  diaUnet  and  regular  ta  if  just  made  by  the  waToe;  or,  in 
another  jilaoo,  we  fin-l  tlu"  strata  made  up  of  regular  layers  of  gand  and  clay  alter- 
nating, fui-h  n.s  ionii  from  the  gradual  settling  of  the  muddy  material  emptied  into 
the  oeean  by  rivers, — or,  in  another  placre,  layers  of  rounded,  water-worn  pebbles, 
neh  aa  oecar  beneath  rapidly-moving  walen,  wbetiier  of  wavea  or  rhrers.  Wo 
remark  that  ttieae  hard  rooks  differ  from  the  louse  saud.  clay,  ur  pebbfy  depocita 
simply  in  being  consolidated  into  a  rock.  Then,  in  nther  phu-eM,  vtc  discover  these 
sand-deposits  in  all  states  of  consolidation,  from  the  soft,  movable  sand, 
throng  a  half-eompaeted  oondition,  to  the  gritty  aandatone ;  and,  flirther,  we 
diaeover,  perhaps,  the  very  means  uf  this  consolidation,  and  see  it  in  its  pro- 
pro««,  in.ikinj;  rock  out  of  sand  or  clay.  l?y  such  stepf  as  thcpc  the  mind  is 
borne  along  irresistibly  to  the  oonelusion  that  rocks  were  tdowly  made  through 
eommonplaoe  operationi. 

We  may  aee,  on  another  aea-abore»  exteDdTV  heda  of  Umealone  forming  from 
shells  and  coral-",  hnvint:  firm  a  texture  a?  any  marble;  we  may  watch  the 
process  of  accumulation  from  the  growth  of  corals  and  the  wear  of  the  waves, 
and  find  the  remiuns  of  corals  and  shells  in  the  compact  bed.  If  wc  then  meet 
with  a  linestoae  over  the  continent  containing  temnina  of  eorala,  or  ahella,  no 
firmer,  not  different  in  composition,  but  every  way  like  the  coral  reef-rock,  or 
the  phcU-rock  of  other  regions,  the  mind,  if  allowed  to  act  at  all.  will  infer 
that  the  ancient  limestone  was  as  much  a  slowly-formed  rock,  made  of  corals, 
or  sheila,  aa  the  limeatone  of  ooral  aeat. 

In  a  volcanic  diatrict,  we  witness  the  melted  rock  poured  out  in  wide-spread 
layers  and  cooling  into  compact  rock,  and  leurn,  after  a  little  ohsorvation,  that 
just  such  layers  piled  upon  one  another  make  the  great  volcanic  mountain, 
although  it  may  be  10,000  feet  in  height.  We  remark,  forther,  that  the  frac- 
tured crust  in  those  regions  has  often  let  out  the  lara  to  spread  the  cnrfaoe 
with  rock,  even  to  great  distances  from  the  crater. 

Should  we,  after  this,  discover  essentially  the  same  kind  of  rock  in  wide- 
apread  beds,  and  traee  ont  the  fraetnrea  filled  with  it,  leading  downward 
through  the  subjacent  strata,  as  if  to  some  seat  of  fliea,  and  discover  marks  of 
fire  in  the  l)!ikin;r  of  the  tuiilt-rlyiiii,'  V>eds,  we  u«e  ruir  reaunn  in  the  only  legiti- 
mate way  when  we  conclude  that  thete  beds  were  thrown  out  mdtcd,  even 
though  they  may  be  far  ttom  any  Toleanio  oeatm. 

If  we  see  akeletona  buried  in  aand  and  elay  that  we  do  not  doubt  as*  real 

akeletona  of  familiar  nnitnal«,  and  then  in  a  he<l  of  rock  disfover  other  skelo- 
ton.*,  hut  of  unfamiliar  animali*.  yet  with  every  bone  a  true  hone  in  form,  tex- 
ture, and  composition,  and  every  joint  and  limb  modelled  according  to  the  plan 
In  known  apeeiea,  we  paaa,  by  aa  nnaroidable  atep,  to  the  belief  that  the  laat  is 
a  relic  of  an  animal  as  well  as  the  former,  and  that  it  liaa  in  ita  barial«plaee» 
although  that  hurial-place  l>o  now  the  riulid  ruck. 


These  few  examples  elucidate  the  mode  of  reasoning  upon  which  geological 
dednetiona  are  baaed. 
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9.  In  luliig  the  present  in  order  to  reyeal  the  past,  we  easume  that 
the  forces  in  the  world  are  essentially  the  same  through  all  time ; 
Ibr  these  forces  are  based  on  the  very  nature  of  matter,  and  could 
not  haTe  changed.  Tho  ocean  has  always  had  its  waves,  and  those 

wavo!*  have  ever  acted  in  the  ssiriK*  manner.  Running  wjitf^r  on 
tlio  lantl  ha*^  ever  lia<l  the  sanu'  powi-r  ot"  wear  and  trans|>()rtation 
and  niutlieniatieal  value  to  its  torce.  The  hiws  of  chemistry,  heat, 
electricity,  and  mechanics  have  been  the  same  through  time. 
The  plan  of  living  structures  has  been  fundamentally  one,  for  the 
whole  series  belongs  to  one  qrstem,  as  much  almost  as  tiie  parts 
an  animal  to  the  one  body ;  and  the  relations  of  life  to  light 
and  heaii  and  to  the  atmosphere,  have  ever  been  the  same  as  now. 

The  Iaws  of  the  Axistiag  world,  If  porfiteUy  known,  m,  oomoqwontly,  a  koj 

to  the  piLst  history.  But  this  perfect  knowledge  implies  a  complete  comprehen- 
sion of  nature  in  all  her  departments, — the  departments  of  chemistry,  physics, 
oiechaQiciP,  physical  geography,  and  each  of  the  natural  scieaces.  Thus  fur- 
■iibml.  wo  may  Man  Che  toeks  with  roformeo  to  the  past  agea,  and  fbei  eonfldoat 
that  the  troth  will  doelare  itself  to  the  tmth-loving  mind* 

As  this  extensive  ranpc  of  learning  is  not  within  the  prni«p  of  a  oingle  person, 
gpeeial  departments  have  been  carried  forward  by  different  individuals,  each  in 
kk  own  line  of  iweareh ;  for  Goology  as  H  Stands  ii  the  oombined  result  of 
thi  khon  of  auBy  wodkors.  Bat  tho  sjrstsm  is  now  so  far  porfoetod  thai  tho 
ordinary  mind  may  readily  undcr.<«tniid  the  great  prinoiplM  of  tho  Mionea^  and 
ooaiprobond  the  nnity  of  plan  in  the  earth's  geneiu. 

SUBDIVISIONS  OF  GBOLOOT. 

10.  (1.)  Like  a  plant  or  animal,  the  earth  has  its  tytUmatie  exUrml 
form  imifeatunB,  which  should  be  reviewed. 

(2.)  Next,  there  are  the  eonstUuenta  <^ ihe  sbruebire  to  be  considered: 

-•first,  their  noAov;  secondly,  their  ^£7i<Ta/ orran^em^n/. 

(3.)  Next,  tlie  surce>»sive  stages  in  the  formution  of  the  structure, 
and  the  concurrent  steps  in  the  progress  of  life,  through  past 
time. 

(4.)  Next,  the  general  plan  or  laws  of  progress  in  the  earth  and 
its  life. 

(5.)  Finally,  there  are  the  active  forces  and  mechanical  agencies 
which  were  the  means  of  physical  progress,— spreading  out  and 

Ctmsolidating  strata,  nusing  mountains,  ejecting  lavas,  wearing  out 
vall^fs,  bearing  the  material  of  the  heights  to  the  plains  and 

oceans,  enlarging  the  oceans,  destroying  life,  and  performing  an 
efficient  part  in  evolvin>r  tho  earth's  structures  and  features. 

These  topics  lead  to  the  fnllowing  subdivisions  of  the  science: — 
I.  Phtsiographic  Geolocv, — a  general  survey  of  the  earth's  sur- 
fiwe^iaatores. 
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II.  LiTHOLOGiCAL  Geology, — a  description  of  the  rock-material 
of  the  globe,  its  elements,  rocks,  and  Mmmgement. 

III.  HisfoucAL  OwLooT, — Ml  acoonnt  of  the  rocks  in  the  order 

of  their  formation  and  the  contemporaneous  events  in  geological 
history,  including  both  stratigraphical  and  palfeontological  geology; 
and  closing  with  a  review  of  the  system  or  laws  of  progress  in  the 

globe  and  its  kingdoms  of  life. 

IV.  DvN'AMiCAL  (lEOLoor. — an  account  of  the  a^'onri*  ^  or  forces 
that  have  produced  geological  changes,  and  of  the  laws  and 
methods  of  their  action. 
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11.  The  systematic  arrangement  in  the  earth's  f«^itnres  is  every 
way  us  marked  as  that  of  any  organic  species  ;  an<l  tliis  system 
over  the  exterior  is  an  expression  of  the  hiws  »)1  structure  beneath. 
The  oceanic  depressions  or  ba^^ius,  with  their  ranges  of  islands,  and 
the  oontinental  plaitu  and  elevationa,  all  in  ordwly  plan,  are  the 
ultimate  resolts  of  the  whole  line  of  progress  of  the  earth ;  and,  by 
their  very  comprehensiveness  as  the  earth's  great  feature-marki, 
they  indicate  the  profoundest  and  most  comprehensive  movements 
in  the  forming  sphere,  just  as  tlie  exterior  configuration  of  an 
animal  indicates  its  interior  history.  This  subject  is  therefore  an 
important  one  to  the  geologist,  although  its  facts  come  also  within 
the  domain  of  physical  geography.  They  lie  at  the  top  in  geology 
as  its  last  revolts,  and,  thus  situated,  th^  oonstitute  neoessarily 
the  arena  of  the  physical  geograplier. 

The  following  are  the  divisions  in  this  department:— 

1.  The  earth's  general  contour  an<l  surface-subdivisions. 

2.  System  in  the  relief'^  or  surface-ffirms  of  tlie  continental  lauds. 

3.  System  in  the  courses  of  tlie  earth's  feature-lines. 
These  topics  .are  foUowed  by  a  brief  review  of, — 

4.  The  syst«n  of  oceanic  movements  and  temperature. 

5.  The  Bjrstem  of  atmospheric  movements  and  temperature. 

6.  The  general  law  for  the  distribution  of  forest-regions,  pnuries, 
and  deserts. 

1.  TH£  EARTH'S  GENERAL  CONTOUR  AND  SURFACE- 
SUBDIVISIONS. 

12.  The  subjects  under  this  head  are — the  earth's  form ;  the 
distribution  of  land  and  water ;  the  depth  and  true  outlines  of  the 

9 


Digitized  by  Google 


I 


10 


PUYSIOUaAPillC  UEOLOOV. 


oceanic  depression ;  the  Bubdivision  of  the  land  into  oonliiieiits ; 

the  heiglit  and  kinds  of  surface  of  the  continents. 

13.  (1.)  Spheroidal  form. — The  earth  has  the  form  of  a  sphere 
with  flattened  pidi^s.  tlie  distance  from  the  centre  to  tlie  pole  being 
about  l-300tli  (accurately,  jij.j)  shorter  than  from  tlie  centre  to 
the  equator.  The  earth's  equatorial  radius  being  3963  miles,  the 
polar  18  about  13^  miles  less  (eatactly  13.2465  miles). 

TUf  tfl  aflMtof  prioM  ImportMiM  in  geologjf  sod  aa  sppr<H»riato  latrodaeMoa 
to  th*  iefence,  inasmnah  aa  it  ia  tha  auiat  ol»rioiia  proof  that  the  earth  haa  a 

hytory,  or  has  been  in  eourse  of  projfress  under  fiecontlary  causes;  for  this  flat- 
tening is  in  amount  just  that  which  the  revolutiuo  at  its  actual  rate  would  pru- 
daoa  in  a  liquid  globe  haring  tha  liaa  aad  dandty  of  tlia  aartli. 

14.  (2.)  Qmanl  BnbdtvlBloiii  of  tho  nurfMO. — DnpwHon  of 
Lemdmd  Water, — ^In  the  surface  of  the  aphere  thM«  are  about  8 
parts  of  water  to  3  of  dry  land,  or,  more  exactly,  275  to  100  =  6*:  8*. 

The  proportion  of  land  north  of  the  equator  is  nearly  three  timu  as 
great  as  that  south.  The  zone  containing  the  largest  proportion 
of  land  is  the  north-tenii»('rat«'.  the  ar<'a  equalling  that  of  the 
water;  while  it  is  only  one-third  that  of  the  water  in  the  torrid 
fone,  and  hardly  one-tenth  (2-21ths)  in  the  aouth-temperate. 

Oat  of  tha  197f 000,000  of  aqvara  allaa  whieh  mako  up  tha  entire  soiflMa  of  tha 
^oha,  144,500^  an  walar,  aad  6iri00,000  land.  Ia  tha  Boithan  hemiaphaia 

the  land  covers  38,900,000  aqaare  miles,  in  the  .southern  13,600,000  square  milaa. 

16.  Land  in  one  hcnnsphere. — If  a  globe  be  cut  through  the  centre 
by  a  plane  intersecting  the  meridian  of  175°  E.  at  the  parallel 
of  40°  N.,  one  of  the  hemispheres  thus  made,  the  northern,  will 

Fig.  L 


in — Tf  Vj     T^  15 

contain  ii>';u-lv  all  \\\>-  1:mi<I  of  tli<^  irl"l"'.  :in'l  tlif  ntli,-!-  1>'^  nlmn-;t 
wholly  water.    The  annexed  map  represents  the  two  hemi^phereii. 
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The  pole  of  the  lend^hembpheire  in  this  map  is  in  the  western 

half  of  the  British  (.'haiitiol :  uml  if  this  pert,  on  a  common  globe, 
be  phiccil  in  the  zenith,  under  the  brass  meriilian,  the  horizon> 
circle  will  tlien  njiuk  the  line  of  division  between  the  two  liemi- 
si>here<i.  The  |M»rtions  of  land  in  tlie  Wiiter-hemi-.|)here  are  the 
exireuiuy  of  South  America  below  25°  S.,  and  Australia,  togetiier 
with  the  islands  of  the  East  Indies,  Pacific,  and  the  Antarctic. 
London  and  Paris  are  situated  very  near  the  centre  of  the  land> 
hemisphere. 

16.  General  ammffemtpf  r>/  the  OeeoM  and  Conlincnts.* — Oceans  and 
continents  ar«  the  grander  <livisions  of  the  earth's  surface.  But. 
while  the  continents  are  separate  areas,  the  oceans  oeeupy  one 
continuous  basin  or  channel.  I'lie  waters  Burround  the  Antarctic 
and  stretch  north  in  three  prolongations, — the  Atlantic,  the  Pacific, 
and  the  Indian  Oceans.  The  land  is  gathered  about  the  Arede,  and 
reaches  touth  in  two  great  continental  masses,  the  occidental  and 
oriental;  but  the  latter,  through  Africa  and  Australia,  has  two 
«outhern  prolongations,  making  in  all  three,  correvjpoiiflin^  to  the 
three  f»eeans.  Thus  the  continents  and  oceans  interlock,  the  former 
narrowing  southward,  the  latter  northward. 

The  Atlantic  i.s  the  narrow  ocean,  its  average  breadth  being  2800 
miles.  The  Pacific  is  the  broad  ocean,  being  6000  miles  across,  or 
more  than  twice  the  breadth  of  the  Atlantic.  The  Occident,  or 
America,  is  the  narrow  continent,  about  2200  miles  in  average 
breadth  ;  the  orient,  the  hroa<l  continent,  6000  miles.  Each  con- 
tinent han,  therefore,  as  r«'gards  size,  its  rejtresentative  ocean.  This 
great  tlitl'creiice of  magnitude  is  an  nnj»ortant  tact  in  its  l)earing  on 
the  earth's  geological  history.  The  Pacific  Ocean,  reckoning  only 
to  62"  S.,  has  an  area  of  62,000,000  square  miles,  or  nine  and  a 
half  millions  beyond  the  area  of  all  the  continents  and  islands. 


*  In  illustration  of  this  part  of  the  work,  the  reader  is  referred  to  the  map  at 
tfcs  dose  of  tbs  Tohnns.  It  la  a  Mamator'a  ebart  of  tha  world,  whteh,  while  It 

Mcaggeratc^  tho  jMilnr  rogionit,  haii  the  f^rcat  udvautiigo  of  giving  eurrcctly  all 
(•f<nr*f"»,  tluit  i«,  the  bearings  of  places  nnd  coa?t».  The  trends  of  linos  (•'  trcn<l" 
tueuud  toercljr  courae  or  bearing)  admit,  therefore,  of  direct  cumparisuu  upon 
wmA  a  eharC  It  Is  impoftaat  hi  addition  that  tho  globe  ahoald  bo  eareftiUy 
•tadied  in  connection,  in  order  to  eorreot  mlM^pprebensions  a-  t<<  ili^tanccs  la 
the  higher  latitudes,  nnd  appnolato  tho  ooBTergeneos  boiwoen  linei  thai  hsTS 
the  Muoe  eompaaa-course. 

Ths  low  Uwds  of  tho  eonthieBto  on  this  ehart,  or  those  hAow  8M  feet  In  elo- 
TstioB  sboiro  tho  ses,  am  diatingniihed  Arom  the  highor  lands  and  plateau»  hy  a 
lighter  shading,  and  the  axc<  of  the  mountain -ran-.'f^''  arc  imlicnfed  \-y  )«lack 
lines.  The  oooans  are  crossed  hy  isothermal  lines,  which  are  explained  bejrond. 
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17. '(3.)  Ooeanlo  depreMton. — (a.)  Ok<ISm.— The  ooeanio  depret- 

don  is  a  vast  sunken  area»  TMrying  in  depth  from  1000  or  leas  to^ 
probably,  50,000  feet 

The  true  outline  of  the  depression  is  not  neeessnrily  identical 
with  the  prefient  lino  of  coast.  About  the  eontiix-nts  there  is  often 
a  region  of  shallow  tlepths  which  is  only  the  submerged  border  of 
the  continent.  On  the  North  American  coast  off  New  Jersey  this 
submerged  border  extendb  out  for  80  miles,  with  a  depth,  at  this 
distance,  of  only  600  feet;  and  IVom  this  line  the  ocean-basin  dips 
off  at  a  steep  an/;le.  The  true  outline  of  the  basin  on  tills  and 
other  coasts  is  shown  by  the  dotted  line  on  the  chart.  The  slope 
for  the  80  miles  is  only  1  foot  in  700. 

Great  Britain  is,  on  the  eamo  principle,  a  part  of  the  European  continent:  the 
separating  waters  arc  under  f>00  feet  in  depth  ;  ami  a  large  part  uf  the  German 
Ocean  is  only  93  feet.  The  true  uceanic  uutlino  extends  frum  Southern  Norway 
around  by  tba  north  of  Scotland  and  southward  into  the  Bay  of  Biseay.  (8m 
the  dotted  line  on  the  chart.)  In  a  similar  manner^  the  East  India  Islands, 
down  to  a  lino  running  by  the  north  of  New  Guinea  and  Timor,  are  a  part  of 
Asia,  the  depth  of  the  seas  intermediate  seldom  exceeding  300  feet;  while  south 
of  the  line  mentioned  the  islands  are  but  fragments  of  Anstralia,  the  walsr  being 
no  deeper  than  over  tlio  sabnwrged  Asialie  plateau.* 

[h.)  Drpth  of  (}(r  Oct  an. — The  depth  of  tlie  ocean  in  its  different 
parts  IvAS  not  been  ascertained.  Sonic  deep  soundings  have  been 
made,  and  a  few  of  them  claim  to  have  reached  to  a  depth  of 
twenty-five  to  (Sortyofive  thousand  feet ;  but  the  methods  of  sound- 
ing employed  have  been  shown  to  be  unsatisfactory,  and  the  results, 
therefore,  aiv  valiiclcss.t  Across  from  Ireland  to  Newfoundland, 
the  depth  lias  Ik  -  ii  f'on!i<l  to  vary  bi'twccn  1(1.0(1(1  and  lA.lXKt  feet. 
TheGulf  of  Mcxi.o  is  known  to  U-  lrom4(MX)  to  ;)(KK>  feet  in  dei)th. 
According  to  ciilculutions  on  the  data  furnished  l)y  an  eurthquake- 
wave  which,  in  1855,  crossed  from  Simoda,  in  Japan,  to  San  Fran- 
cisco, the  ocean  in  that  line  has  an  average  depth  of  about  13,000 
feet.  The  depth  in  the  northern  part  of  the  Pacific  and  Atlantic 
mwy  be,  therefore,  nearly  the  same.  South  of  this  in  each  it  is  pro- 
bably very  much  greater. 

The  mean  depth  of  the  oceanic  depression  is,  by  estimate, 
between  15,000  and  20,000  feet. 

(c. )  Charaderi^  the  Oecamc  Bsihu.— To  appreciate  the  oceanic  basins 


•  Bail,  Jonr.  Indian  Arch.  [2],  ii.  278,  and  Am.  Joar.  8eL  [S],  zzt.  UX,  * 
t  Some  of  the  retnlts  are  as  follow :  — >  A  sounding  by  Ciqpt.  RosSy  9M  m.  B.W. 

of  St.  Helena,  27,600  feet  wtthont  bottom  :  hy  Capt.  DenhsB,  in  M«  49*  8.,  37^ 
V  Yf.,  46^36  feet  (7706  ftthoms)  fonnd  bottom. 
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we  must  conceive  of  the  earth  without  its  wnter, — iho  dopressed 
area-*,  thousands  of  miles  across,  sunk  ten  to  itcrliaiis  iilty  thousand 
feet  helow  the  bordering  continental  regions,  and  covering  five- 
eighths  of  the  whole  surface.  The  continents,  in  such  a  condition, 
would  stand  m  elevated  plsteaiu  encircled  hy  one  great  uneven 
badn.  If  the  earth  had  been  left  thus  with  but  shallow  lakes 
aboat  the  bottom,  there  would  have  been  an  ascent  of  five  miles  or 
more  from  the  Atlantic  vale  to  the  lower  part  of  the  continental 
plat<»au,  and  one  to  five  miles  beyond  this  to  scale  the  summits  of 
the  loftier  mountains  of  the  globe.  The  continents  would  have  been 
wholly  in  the  regions  of  the  upper  cold,  all  alpine  and  barren.  This 
uneven  surface  of  the  Atlantic  and  Pacific  has  heen  levelled  off  to  a 
plain  by  the  waters  of  the  ocean,  the  heights  of  the  world  reduced 
from  ten  or  fifteen  miles  to  five,  and  the  intolerable  climates  of  such 
extremes  of  surface  reduced  to  a  genial  condition,  rendering  nearly 
the  whole  land  habitable,  and  giving  moisture  for  clouds,  rivers, 
and  plants ;  and,  by  the  same  means,  distant  ]>oints  have  been 
bound  tog^'ther  by  a  common  highway  into  one  arena  of  history. 

18.  (4. j  Q^eneral  view  of  the  land. —  (a.)  Position  of  the  latid. 
—The  land  of  the  globe  has  been  stated  to  lie  with  its  mass  to  the 
north,  about  the  Arctic,  and  to  narrow  as  it  extends  southward 
into  the  waters  of  the  Southern  hemisphere.  The  mean  southern 
limit  of  the  continental  lands  is  the  parallel  of  45^,  or  just  half-way 
from  the  equator  to  the  south  pole. 

Soath  America  reaches  only  to  Sfi**  S.  (Capo  Horn  being  in  55°  5S'),  which  is 
the  l.ititii'Ic  nf  Edinburgh  or  nortlicrn  Labrador;  Africa  (u  .14°  51'  (Capo  of 
Good  Hupej,  nearly  the  latitude  of  the  southern  boundary  of  Tenucs'^cc,  and  00 
■ihs  ■eager  the  eqeator  thsa  Oibnltsr;  TSsmaala  (Van  Dienea'i  Lsad)  to 
4t|«  &,  aMiljr  ths  Istttads  of  Bosloa  sad  aotUnrn  Portogsl. 

19.  (ft.)  LittrHn^Sen, — ^The  independent  continental  areas  are  three 
in  number America,  one ;  Europe,  Asia,  and  Africa,  a  second; 
Australia,  the  third.  Through  the  East  India  Islands  Australia  is 
approximately  connected  with  Asia,  nearly  as  South  America  with 
North  America  through  the  West  Indies;  and,  regarding  it  as 
thus  unit^'d.  the  great  masses  of  land  will  be  but  two: — The  Anie^ 
rican,  or  (JcculcnUil,  and  Europe,  Asia,  Africa,  and  Australia,  or  the 

Tliese  great  masses  of  land  are  divided  across  from  east  to  west 
hf  seas  or  archipelagoes.  The  West  Indies,  Mediterranean,  Red 

Sea,  and  the  Ea^t  Indies,  with  the  connecting  oceans,  make  a  nearly 
complete  band  of  water  around  the  globe,  as  Profo<snr  Ouyot  oh- 
,u>rTe4.  subdividing  the  Occident  and  Orient  into  north  and  south 
divisions.    Cutting  across  37  miles  at  the  Straits  of  Darieu,  where 
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at  the  lowest  pass  the  greatest  height  above  mean  tide-level  does 
not  exceed  506  feet,  and  throngh  70  miles  at  the  Isthmus  of  Sues, 
where  the  summit-level  is  only  40  feet  above  the  sea,  the  girth  of 
water  would  be  unbroken. 

America  is  thus  divided  into  North  and  South  America.  The 
oriontnl  lan<ls  liavo  ono  proat  nrou  on  the  north,  comprisinfr  Europe 
and  A.sia  combined,  and  on  tlie  south  (1)  Africa,  KCparated  from 
Europe  by  the  Mediterranean,  and  (2)  Australia,  separated  from 
Asia  by  the  East  India  seas.  Thus  the  narrow  Oooident  has  one 
southern  prolongation,  and  the  wide  Orient  two.  It  is  to  be  noted 
that  the  East  and  West  Indies  are  very  similar  in  fonn  and  posi- 
tion (see  cliart) ;  and  also  that  South  America  is  situated  with 
reference  to  North  America  very  nearly  as  Australia  is  to  Asia. 

The  Orient  thus  corresponds  to  two  Occident.*?  in  which  the 
northern  areas  coalesce, — Europe  and  Africa  one,  Asia  and  Aus- 
tralia the  other;  so  that  there  are  really  three  dmiblets  in  the 
qfstem  of  continental  lands.  ICoreorer,  Europe  and  Ana  have 
a  semi-marine  region  between  them ;  for  the  Caspian  and  Aral  are 
salt  seas,  and  they  lie  in  a  depression  of  the  continent  of  great 
extent, — the  Aral  being  near  the  level  of  the  ocean,  and  the  CaB> 
plan  80  to  100  feet  below  it. 

The  islands  ac^oining  the  continents  are  properly  portions  of 
the  continental  regions.  Besides  the  examples  mentioned  on  page 
12,  Japan  and  the  ranges  of  islands  of  eastern  Asia  are  strictly  a 
part  of  Ada,  for  they  conform  in  direction  to  the  Asiatic  ^stem 
of  heights,  and  are  united  to  the  main  by  shallow  waters.  Van- 
couver's Island  and  others  north  arc  similarly  a  part  of  North 
America;  Chiloe,  and  the  islands  south  tO  Cape  Uom,  apartof 
South  America;  and  so  in  other  cases. 

Tho  body  of  the  continent  of  Africa  lies  in  those  latitudes  which 
are  almost  wholly  water  in  the  American  section,  its  eastern  ex- 
pansion corresponding  to  the  indentation  of  the  Caribbean  Sea  and 
the  Gulf  of  Mexico. 

20.  (e.)  Oeeanir  ishndt. — ^The  islands  of  mid-ocean  are  in  ranges, 
and  are  properly  th«^  summits  of  submerged  mountain-chains.  The 
Atlantic  and  lii<li:in  Oot-ans  are  mostly  free  from  thoni.  'flu*  Tacific 
contains  about  07o,  which  have,  however,  an  aggregate  area  of  only 
90,000  square  miles.  Excluding  New  Osledonia  and  some  other 
large  islands  in  its  southeastern  part,  the  remaining  600  islands 
have  an  area  of  but  40,000  square  miles,  or  less  than  that  of  New 
York  State.  The  islands  stretch  off  in  a  train  from  tho  Asiatic 
coast  through  the  trojtics  in  a  wc-it-southwest  direction,  and,  soon 
crossing  the  equator,  lie  mostly  in  the  southern  tropic.   The  train 
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extends  to  Eiu^ter  Island  and  Sulsi-jMloniez.  in  longiiudos  110°  and 
105*  W.,  a  distunce  of  80(X)  miles.  The  greatest  depth  of  the  ocean 
diould  be  looked  for  outride  of  the  limits  of  this  train. 

81.  {d.)  Mean  devotion, — The  mean  height  of  the  continents  above 
the  sea,  exclusive  of  Australia  and  Africa,  nc  oording  to  an  estimate 
by  Humboldt,  is  about  1000  feet;  and  this  is  probal«ly  nr«t  far  from 
(}»♦'  trutli  for  all  the  land  of  the  ^lobc.  As  the  area  of  thcoi-fan  and 
larnl  i>  a>  S  to  3,  if  all  this  land  al>ovo  tli<'  jiresent  watt-r-lcvel  were 
transferred  into  the  oceans,  it  would  till  them  ii-iSths  of  UK>Oor  375 
feet;  and,  taking  the  averaj^i  «K  pth  at  15,000 feet,  it  would  take  40 
times  this  amount  to  fill  the  oceanic  depresrions.  Moreover, 
increeeing  the  average  depth  of  the  oceanic  basin  375  feet  would 
expose  approadmatelylOOO  feet  in  height  of  land,  as  it  would  dra# 
off  the  water  corresponding  to  this  result. 

The  mean  h«'i^ht  of  the  several  continents  lias  been  state<.l  as 
follows: — Europe,  GTO  feet;  Asia,  lloO;  North  America,  74H  ;  South 
America,  1132;  all  America,  930;  Europe  and  Asia,  1010;  Africa, 
probably  about  1000  feet ;  and  Australia*  perhaps  500.  It  has  been 
estimated  that  the  material  of  the  Pyrenees  spread  over  Europe 
would  raise  the  surface  only  6  feet;  and  the  Alps,  though  four  times 
larger  in  area,  only  22  fe*  t. 

The  extremes  of  level  in  tlie  land,  as  far  as  jiow  known,  are,  l.'KX) 
feet  Ul(»o  the  level  of  the  ocean,  at  the  head  Sea,  and  2U,000  feet 
above  it,  in  Mount  Everest  of  the  li  inialuyiis. 

22.  (5.)  Subdivlslona  of  the  aurfiaoe^  and  ohanoter  of  its  re- 
HeA. — The  surfiMes  of  continents  are  conveniently  divided  into 
1 1  i  low  lands :  (2)  plateaus,  or  elevated  table-lan<ls  ;  (;V)  mountains. 
The  limits  between  these  subdivisions  are  quite  indefinite,  and  are 
to  be  determined  from  a  general  survey  of  a  country  rather  than 
from  any  sj)ecitic  iietiiiition. 

The  iow  lands  include  the  extended  plains  or  country  lying  not 
fiur  above  tide-leveL  In  general  they  are  less  than  1000  feet  above 
the  seft;  but  they  are  marked  off  rather  by  their  contrast  with 
higher  lands  of  the  mountain-regions  than  by  any  precise  altitude. 
The  Ifisaiasippi  Valley  of  the  great  interior  region  of  the  North 
American  continent  is  an  example;  also  the  plain-iof  the  Amazon; 
the  pampas  of  La  Plata;  the  lower  land<  ol'  Kurope  and  Asia,  The 
5urfa<»  is  usually  undulating,  and  often  iiilly.  Fr«Mjuently  the 
surface  rises  so  gradually  into  the  bordering  mountain-declivities 
that  the  limit  is  altogether  an  arbitrary  line,  as  in  the  case  of  the 
Mississippi  plains  and  the  Rool^  Mountain  slope. 

A  mountain  is  either  an  isolated  peak, — as  Mount  Washington, 
Mount  Blano,  Mount  Etna»— or  a  ridge.  For  a  long  ridge  or  range, 
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the  plunl  is  used,  m  the  GreeiL  Mamiams,  the  Oiaric  Mnmtabu,  A 
momUednrMn  Ib  a  system  of  ridges  with  the  included  high  Uad. 

A  tierra  In,  in  Spanish,  a  ridge  nT  mountains,  and  alludes  to  the  8ftW>Ulce  OttI- 
line.  A  cordillcrtj,  in  South  America,  is  a  moiiiiUin-Dluua.  Mamtta,  m  in 
Mauna  Loa,  of  Hawaii,  vignitius  mouui. 

An  elevated  plateau  U  an  extensive  elevated  region  of  flat  or  hilly 
siur&ce,  such  as  often  occurs  in  mountainous  regions.  Any  exten- 
nve  range  of  country  that  is  orer  a  thousand  feet  in  altitude  would 
be  called  a  plateau.  It  may  lie  along  the  course  of  a  mountain- 
chain,  or  occupy  a  wide  region  between  distant  chains.  The 
"Great  Basin"  In'tween  the  Salt  L;iko  and  tlio  Sierra  Nevada  is  a 
plateau  of  the  Hocky  Mountain  chain,  4iMH)  to  oUMt  fV-ot  in  eleva- 
tion: the  Salt  Lake  lies  in  its  northeast  corner,  4200  feet  above  the 
sea.  The  plateau  or  table-land  of  Thibet  lies  between  the  Uimalayaa 
and  the  Kuen-Luen  Mountains  next  to  the  north,  and  is  11,500 
to  13,000  feet  in  altitude ;  and  the  plateau  of  Mongolia  (Desert  of 
Gobi)  occupies  a  vast  region  farther  north,  having  a  mean  eleva* 
tion  of  4000  foot.  The  State  of  New  York  is  an  elevated  plateau. 
1500  to  IT'K)  fi'ot  in  altitude  north  of  the  Mohawk  (an  east-and- 
west  valley),  and  2(KK)  to  2aO<J  feet  south  of  this  river:  it  lies  in  the 
course  of  the  Appalachian  Mountains. 

Plateaus  often  have  their  mountain-ridges,  like  low  lands. 

23.  MouMTAiNS.— The  >bmof  an  iaolaUd  sisimlata-peak  depends 
on  its  general  dopes ;  that  of  a  nd(^  on  (1)  its  slopes,  (2)  the  out- 
line of  the  crest,  and  (3)  the  course  or  arrangement  of  tiie  consecu- 
tive parts  of  the  rid^xe :  that  of  a  chmn,  on  all  these  points,  and  in 
adiUtion  (4)  the  ordor  or  arrangoniont  of  the  rid^^cs  in  the  chain. 

(a.)  Slopes  oj  mountaim. —  The  nwutitain-inass. — The  slopes  of  the  larger 
mountains  and  mountain-chains  are  generally  very  gradual.  Some 
of  the  largest  Tolcanoes  of  the  globe,  as  Etna  and  Mount  Loa 
(Hawaii),  have  a  slope  of  only  6  to  8  degrees.  The  mountains  are 
low  cones  having  a  base  of  50  miles  or  more. 

The  Rocky  Mcnmtains.  Andes,  and  Appalachians  are  three 
examples  of  nu)untain-<"hain.s.  Tht>  average  eastern  slope  of  the 
Rocky  Mountains  seldom  exceeds  10  feet  in  a  mile,  whicii  is  about 
1  foot  in  500,  equal  to  an  angle  of  only  7  mmutes.  On  the  west 
the  average  slope  is  but  little  less  gradual.  The  rise  on  the  east 
continues  for  600  miles,  and  the  fall  on  the  other  side  for  400  to 
500 miles ;  the  passes  at  the  summit  have  a  heif^tof  6000  to  10,000 
feet;  and  above  them,  as  as  over  different  parts  of  the  slopes 
(especially  on  tho  west),  there  ore  ridges  carrying  the  altitudo  to 
12.000  or  14.<XM)  foot.  The  mountain-mass,  therefore,  is  not  a  nar- 
row barrier  between  the  east  and  west,  as  might  be  inferred  from 
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the  ordinary  maps,  but  a  vast  yet  gentle  swell  Fig. 
of  the  surface,  having  a  base  1000  miles  in         2>    <^  * 
hnmMk,  and  «h6  tlopei  divotsified  with       ^  SP I  ^ 
lioiM  moanUin-ridgM  or  ipreMliiig  oat  in  |  ^  f 
platoMis  ftt  different  levels.  ?  ^ 

The  Aimexed  section  (Fig.  2)  of  the  Rocky 
Mountains  along  the  parallels  41°anfl  42°,  from 
Council  Bluff,  on  the  ea.*<t,  to  Benicia,  in  Cali- 
fornia, illustrates  this  feature,  although  an 
ezaggented  fopreaentattoa  of  the  tlopes,— the 
hei^i  hemg  Mwn^  Umei  too  greet  for  the 
length. 

In  the  Andes  the  etttem  slope  is  about  60 
feet  in  a  mile,  and  the  western  100  to  150  feet ; 
the  passes  are  at  heights  from  12,500  to  10,160 
feet,  and  the  highest  peak — Sorata  in  Bolivia — 
2k>,'J^A>  feet.    The  slope  is  much  more  rapid 
than  in  the  Rocky  Mountains.   But  there  is  8  C  |  ^ 
Htm  tune  kind  of  mountain-num  variously  1 1  i 
direnilled  with  ridges  and  plateaus.  The  ex-  }^  1 1 
iitenoe  of  the  great  mountain-mass  and  its  a. 
plateaus  is  directly  connected  with  the  exist-   g  2  • 
ence  of  the  main  ridges.    But  it  will  be  shown    •>  ^  ^ 

it"  ^  p 

in  another  place  that  the  ridges  may  have  5  j  g 

existed  long  before  the  mass  had  its  present  £  S  2: 

elevation  above  the  sea.  k  1 1 

In  the  Appslaehiins  which  include  all  the  |  (  ^ 

meantaiiiB  from  Georgia  to  tiie  Gulf  of  St.  f  | 

Lawrenoe— the  mountain-mass  is  very  much  ?  1 

nnaller  and  the  component  ridges  are  rela-  g  ^  -* 

tirely  more  distinct  and  mimerous,  and  still  ^  5  f 

the  general  features  are  on  the  same  principle,  i  ^ 

The  greatest  heights — those  of  North  Carolina  «  § 

—are  between  6000  and  6800  feet.  g  »  g 

The  Rooky  Mountains,  Andes,  and  Appa- 
lachians represent  the  three  types  of  chains ; 
(1)  the  broad  and  lofty  plateau  type ;  (2)  the 
narrow  and  lofty  ridgy  type,  of  which  the 
Himalayas  are  another  example  ;  (3)  the  broad 
and  many-folded  type,  of  which  the  Juras  are 
another  example. 

Illcstratioxs. — It  u  common  to  err  in  eatimating 
tts  sa^  wt  asbf*.  To  lbs       «f  atost  traTslkn,  a 
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•lop«  of      ftp|»Mr»  to  b*  u  itoep  m  99^,  and  on*  of  SIP  to  be  at  lotat  M*.  Im 

a  front  view  of  »  declivitj  it  ia  not  poitiUo  to  judge  rightly.  A  pnilo  TMW 
•Ikoiild  always  be  obtained  and  eareteUy  obeonred  befon  fegiateriog  aa  ofinioD. 

Fig.  a. 


Id  fig.  3  the  bluff  front  facing  the  left  would  be  ordinarily  called  a  vertical 
preelpiee^  while  Hi  angle  of  slope  is  aotoally  abont  65" ;  and  the  tains  of  broken 
ito&es  at  its  base  would  seen  at  first  sight  to  be  60^  when  really  40". 

Fig.  4. 

T 


Fig.  5. 

A 


Fig.  t, 


Fig.  4  represents  a  section  of  a  %'olcanic  mountain  3°  in  angle ;  b,  another,  of 
7",^-tlie  average  slope  and  form    Mount  Kei^  Hawaii;  9,  tlie  same  slope  with 

Fig.  7.  Fig.  8.  Fig.  9. 


(hp  top  rounded,  a»  in  Mount  Loa:  7.  a  slope  of  15°;  8,  JoruUo,  in  Mexico, 
which  has  one  side  27°  and  the  other  34°,  as  measured  by  M.  S.  Maarosa  i  9,  % 
slope  of  40",!— the  steepest  of  videaaie  eones. .  Tlie  lofty  veleaaoes  of  the  Aadea 
are  not  steeper  than  in  numlier  8,  althoogh  frequently  so  pietnted. 

With  a  clinometer  (sec  fig.  102)  held  between  the  oyc  nnd  the  mouotaitti 
the  angle  of  (dope  mny  J>o  np[irnximatcly  meaMnrcil.  When  uo  instrutut-nt  is  at 
hand,  it  is  easy  to  estiuiute  with  the  eye  the  number  of  times  a  vertical  as  A  B 
In  fig.  6  is  eontained  in  the  semi-base  B  C ;  end,  this  being  ascertained,  the  angle 
of  alopc  may  be  easily  calculated.  The  ratio  1  :  1  corresponds  to  the  ungle  of 
45°;  1:2  to  33°  -lli';  1  :  3  to  2fi°  34';  I  :  4  to  18°  26';  1:5  to  11°  ISJ';  1  :  6  to 
9«»  28';  1 :7  to  8°  »';  1 :  8  to  7°  7i';  1 :  9  to  6°  20J';  1 :  10  to  5°  42i'}  1 : 12  to 
4"  48';  1 : 16  to  8*  49* ;  1 :  SO  to  S«  br.  The  inclinations  oorrssponding  to 
sererel  of  these  ratios  are  represented  in  the  fbUowing  out.  Fig.  10. 
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24.  (6.)  Qm^peti^  iff  maimkinrMint, — (1.)  Moontaiii^habia  haye 
been  eteted  to  include  aevend  mountain-ridgee ;  end  even  the 
lidges  often  oonetet  of  enbordinete 
perts  eimiler  in  arrangement.  In  i : 
the  greet  chain  of  western  North 
America, — the  Rocky  Mountains, 
— ebout  the  Bummit  there  are,  in  2: 
general,  two  prominent  ranges; 
then,  west  of  the  eununit,  within  ^  - 
100  to  150  miles  of  the  ooaet,  there  j. 
is  the  Washington  Range,  includ-  ^ 
ing  the  Cojicade  of  Oregon  and  the  j  \ 
Sierra  Nevada  of  CaHfornia,  each  i : 
with  j»ejiks  over  12,000  feet  in 
height ;  between  this  range  and  the  summit  there  are  in  many 
psrts  several  ridges  more  or  less  important;  and  between  it  and 
the  coast  other  ridges  make  up  what  has  been  called  the  Coast 
Bange.  The  Appalachians  also,  although  but  a  small  chain,  con- 
sist of  a  series  of  nearly  parallel  ridges.  In  Virginia  there  are, 
beginning  to  tlio  cantward,  the  Bhie  Itidge,  the  Shenandoah  Ridge» 
and  the  Allfgliany,  besides  otlicrs  intermc'diate. 

(2.)  The  ridges  of  a  chain  vju  y  along  its  course.  After  continu- 
ing for  a  distance,  they  may  gradually  become  lower  and  disap- 
pear ;  and  while  one  is  disappearing  another  may  rise  to  the  right 
or  left;  or  the  mountain  may  for  scores  of  leagues  be  <mly  a  pla- 
teau without  a  high  ridge,  and  then  new  ranges  of  elevations 
appear.  The  Rocky  Mountains  exemplify  well  this  common  cha- 
ra«  t<'ri-tie.  as  is  seen  on  any  of  the  re<  <  tit  maps.  The  Sierra  Ne- 
va<ia  ciies  out  where  the  Cascade  Range  begins;  and  each  has 
minor  examples  of  the  same  principle.  The  Andes  are  like  the 
Bocky  Konntains ;  only  the  parts  are  pressed  into  narrower  oom- 


Flgl.  11  to  16. 

>  ^    M 


pass,  and  the  crest-ranges  are  hence  continuous  for  longer  dis- 
tances.  The  Appalachian  ridges  are  rising  and  sinicing  along  the 
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oonrse  of  the  ohain.   The  high  land  of  the  sonthweit  termiiuttee 
in  New  York ;  and  JubI  eMt  atands  the  separate  line  of  the  Green 
Honntains ;  and  still  fiftrther  eastward,   east  of  the  Conneoticati— > 
the  range  of  the  White  Mountains. 
The  general  idea  of  this  composite  straotare  is  shown  in  figs. 


Fig.  17. 


11  to  16i,  where  each  series  of  lines  represents  a  series  of  ridges 
in  a  composite  range.  In  iig.  11  the  series  is  simple  and  straight ; 
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in  12  H  ift  still  ttnight,  bat  complex;  in  13  the  parallel  parts  are 

so  arranged  as  etall  to  make  a  straight  composite  range;  while  in 

14  and  lo  the  succession  forms  a  cur\'e  ;  and  in  16  there  are  traOB- 

verse  ridges  in  a  complex  series.  In  ridges  or  ranges  thus  com- 
pounded, the  component  parts  may  lie  diiitiucti  or  they  may 
so  coalesce  as  not  to  be  apparent. 

These  aereral  conditions  of  uninterrupted  and  OTerlspping  lines,  constituting 
■tnighl  sod  earring  chains,  are  Mlttitrsted  among  the  Islands  of  the  ooesM^ 
Ihs  difsetioB  of  coast-lines,  and  the  ooursss  of  sll  the  rslisfk  of  the  earth's  snr> 

face,  a?  i<  cxplairn-'l  in  the  following  pages.  Figure  28  on  page  3!),  n-iircsonting 
the  poifitioDs  of  the  Au«trala«ian  islands  from  New  Hebrides  to  Suuiutru,  finely 
exhibits  the  system  of  stmctnre, — also  fig.  27,  giving  the  conrses  and  relative 
potftUms  of  Um  osntral  groups  of  the  Pseillo,  sad  Ig.  29,  rsprsssatlBg  the 
Atores  in  the  Atlantic  :  for  the  courses  of  islands  are  the  conrses  of  mountain - 
chains.  The  Pouth  Atliintic  Rnd  North  Atlantic  are  two  overlapping  lines 
parallel  in  course,  and  on  a  still  grander  scaie,  one  of  them  being  much  in 
odvMSS  or  to  tho  westward  of  tho  other,  sad  saeh  serersl  thoossnd  milsi 
keg. 

The  preceding  map  of  the  trap  ridge-*  of  Connecticut,  from  Porcival'*  Report, 
presents  tl^  structure  linely.  The  narrow  bands  running  nearly  nortb-and- 
losUi  represent  tho  ridges ;  they  are  in  many  nearly  parallel  lines;  each  ooa- 
iists  of  snbonUaats  parts ;  and  in  leversl  tho  ports  lie  in  advsnelng  or  reeodlng 
Mriss.  The  extent  of  the  !<eric>'  <<rna11  coinpurcd  with  a  monntain-chain ; 
■nd  the  ridges,  few  of  which  exceed  6UU  feet  in  height,  are  ejeotioas  through 
fissures  bensath.  Bat  the  parallelism  in  struotnre  is  perfect.  The  earres  in 
soms  «f  the  snhotdiasto  ridgss  hsTo  ariisa  from  tlw  fhot  that  tho  flssares  soms 
np  through  a  tOtcd  sandstone,  and  tho  ejected  rock  escaped  partly  direct  from 
the  fi?!"ure  and  partly  between  the  lifted  i<trata  of  sianrlstonc,  and  hence  in  a 
direction  ditlercnt  from  that  of  the  fissure,  the  two  directions  together  making 
the  enrre. 

25.  iSt>/#</  ilimenmorus  of  mountains. — The  modes  of  calculating  the 
mass  of  a  mountain  are  the  same  that  are  given  in  treatisee  on 
menaamtion.  By  a  earefhl  system  of  averaging,  based  on  deter* 
ninatkms  of  the  dopes  and  altitudes,  as  fiur  as  practicable,  the 
nunmtain-mass  is  reduced  to  one  or  more  cones,  pyramids,  or 
prisms:  and  then  tho  solid  contents  of  tlic  cones  or  pyramids  are 
obtained  by  multij)lyin^  the  area  of  tlu*  ha^o  into  ont*-third  the 
altitude;  or,  for  a  triangular  prism  lying  on  one  of  its  sides,  the 
area  of  that  side  into  half  the  length  of  a  line  drawn  vertical  to  it 
tnm  the  opposite  edge. 

9S.  Elst  ATBD  PiiAnAvs,  OT  teibU4mii,''-Som»  examples  of  these 
plateaus  have  been  mentioned  22).  The  Llano  Estacado 
(staked  plain)  in  New  Mexico  and  Upper  Texas,  southeast  of 
Santa  Fe,  is  another,  of  great  extent,  about  45(XJ  feet  in  elevation. 
The  great  Mexican  plateau,  in  which  the  city  of  Mexico  lies,  has 
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About  that  dty  a  height  of  7482  feet^  and  Hlopea  from  this  to  5000 

on  the  east  and  4000  on  the  west :  and  it  stretches  on  north 
beyond  the  Mexican  territory,  blending  with  the  phiteaus  of  New 
Mexico.  Above  it  rise  many  lofty  volcanic  cones,  among  wliich 
Popocatepetl  is  17,8^  feet  high,  Orizaba  17,37<i  feet,  and  Istacci- 
huaU  15,704. 

Tha  plains  of  Quito,  in  th«  Aaim,  b«s  •  height  of  10,000  feet,— Qoito  itnlf 
9540  faei;  and  annnd  it  an  Ootopnxi,  18,776  feat,  CUabanao,  21^1,  Piahia. 
alUf  15,1)24.  Ciiyarobe,  10,&85.  Tho  }>1atfnu  of  Bolivia  is  at  an  elevation  of 
12,900  flit,  with  Lake  Titicaca,  12.S.{i)  feet,  an<l  the  city  of  Poto.-i  at  l.Vi30  feet: 
and  u&ar  are  tho  volcanic  pcaka  Illimani,  23,868  feet,  Sorata,  25,2U0,  Huayna 
Potoli,  20400.  Jn  Baropa,  Spain  ia  ftnr  tha  moat  part  a  plataaa  abovt  2250  feat 
in  ATarage  elevation ;  Auvergne,  in  Franoa,  another,  at  about  1100  feet :  Bavaria 
another,  at  1660  feet.  Persia  is  a  platean  varyinff  in  elevation  between  3800 
and  4600  feet,  with  high  ridgoe  in  many  parts.  The  Abjrasinian  plateau,  in 
Afrioa,  haa  an  average  elevation  of  mora  tlian  7000  feat;  tlM  ragion  of  Salua% 
about  1500 ;  tliai  of  tha  iatarior  of  Africn  aoath  of  tha  aqnntor,  abont  2500  foot. 

27.  RrriB-STSTBMS.— Phtteaiu  and  tnountaim  are  the  aouroea  of 
rivers.  They  pour  the  waters  along  many  channels  into  the  basin 
or  low  oountiy  towards  wliich  they  slope;  and  the  channels,  as 

they  continue  on,  unite  into  larger  channels,  and  finally  into  one  or 
more  trunks  which  bear  the  waters  to  the  s»'a.  The  ba>iu  and  its 
surrounding  slojies  make  up  a  river-system.  The  extent  of  such 
a  region  will  vary  with  the  position  of  the  mountains  and  ocean. 
It  may  cover  hut  a  few  hundred  square  miles,  like  the  river-regions 
on  a  mountainous  coast,  or  it  may  stretch  over  the  largw  part  of 
a  continent. 

The  interior  of  the  United  States  belongs  to  one  river-system, — 
that  of  the  Mississippi ;  its  tributary  streams  ri-^e  on  the  wc-t 
among  the  snows  of  the  Hocky  M<»uii  tains,  on  th«'  nortii  in  the  central 
plateau  of  the  continent,  west  of  Lake  Superior,  near  lat.  47*=  and 
beyond  long.  93^-96^,  1680  feet  in  elevation,  and  on  the  east  in  the 
Appalachians,  from  western  New  York  to  Alabama.  Besides  the 
Mississippi,  there  are  other  rivers  rising  in  the  Rocky  Mountains 
and  flowing  into  the  Gulf  of  Mexico;  and,  in  a  comprehensive 
view  of  tho  continent,  these  belong  to  the  wimo  great  river-Hvstom. 

The  St.  Lawrence  represents  another  great  river-region  in  North 
America, — a  region  which  commences  in  the  head-watiTs  of  Lake 
Superior  about  the  same  central  plateau  of  the  continent  that 
gives  rise  to  the  Mississippi,  and  embraces  the  great  lakes  with 
their  tributaries  and  the  rivers  of  Canada,  and  flows  Anally  north- 
eastward into  the  Atlantic,  following  thus  a  northeast  slope  of  the 
continent.  North  of  Lake  Superior  and  the  head-waters  of  the 
Mississippi,  as  £sr  as  the  parallel  of  55^  there  are  other  streams. 
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wbidi  alflo  flow  northeMtward,  deriving  some  iraten  frooi  the 
Rocky  Hoantaim  through  the  Saskatchewan,  and  reaching  the 
ocean  through  Hudson's  Bay.  Winnipeg  Lake  ia  here  included. 
These  hekmg  with  the  St.  Lawrence,  the  whole  together  oonsti-  , 

tutine  n  «f»oond  oontiiK'ntal  riv«'r-system. 

The  Mackenzie  is  tho  oontrul  trunk  of  .still  another  river-systom, 
—the  northern.  Starting  from  near  tho  pnralh  l  of  5')°,  it  takes 
in  the  slopes  of  the  Rocky  Mountains  ac^oining,  and  much  of  the 
BMthem  portion  of  the  continent.  Athabasca*  SlaTe,  and  Bear 
Lakes  lie  in  this  district. 

These  are  ejcamples  from  among  tiie  riTereystems  of  the 

world. 

Lakes. — Lakes  occupy  dcpros.sions  in  the  onrth*.**  Piirfiice  which, 
from  their  depths  or  i>o.«?itionH,  are  not  conij>letely  drained  by  the 
existing  streams,  nor  kept  dry  by  the  heat  and  drought  of  tho 
dimate.  They  occur  (1)  over  the  interior  of  table-lands,  as  about 
the  head-waters  of  the  Mississippi;  (2)  along  the  depressions 
between  the  great  slopes  of  a  continent,  as  the  line  of  lakes  in 
British  North  America  running  northwest  from  Lake  Superior ; 
(3)  in  confined  aro.'w  among  tho  rid^'^  s  of  mountains.  Tlu'  natural 
forms  of  fontinents — that  is.  their  having  hi^h  bordent — tend  to 
occaision  the  existence  of  lakes  in  their  interior. 

If  a  lake  has  no  outlet  to  the  ocean,  its  water  is  usually  salt ; 
and  any  pli^  or  plateau  whose  streams  dry  up  without  communi- 
cating with  the  sea  contains  salt  basins  and  effloreseenoes.  The 
Caspian,  Aral,  and  Dead  Sea  are  some  of  tho  salt  lakes  of  Asia; 
and  the  Great  Salt  Lake  of  flie  Kocky  Mountains  is  a  noted  ono 
on  this  continent.  Many  parts  of  tho  Itocky  ^fountains,  tho 
Great  Basin  of  the  West,  tho  Pftmpaa  of  .Soutli  America,  and  all 
the  desert  regions  of  the  globe,  aflford  saline  eiUorescences. 

i.  STSRM  IN  THB  RELIEP8  OB  SURFAGK-FOBMS  OF  THB 

CONTINENTS. 

28.  Law  of  the  system. — ^The  m  u) fains,  plateaus,  low  lands, 
and  river-regions  are  the  elements  in  the  arrangement  of  which 
the  system  in  the  purface-form  of  the  continents  is  exhibited.  Tho 
law  at  the  })asis  of  the  system  depends  on  a  relation  hctween  the 
continents  and  tlieir  bordering  oceans,  and  is  lis  follows:— 

FhnL  The  continents  hmre  in  general  elevated  mountain-borders 
and  a  low  or  basin-like  interior. 

Seeondfy.  The  highest  border  fiMses  the  larger  ocean. 

A  survey  of  the  continents  in  succession  with  reference  to  this 
law  will  exhibit  both  the  unity  of  system  among  them  and  the 


Digitized  by  Google 


24 


PBTHOORAPHIO  OlOLOOT. 


fteculiurities  oi  each  depeudeut  ou  their  different  rehitiom  to  the 
oceans. 

29.  (1.)  AmMrioa.— The  tiro  America!  are  alike  in  lying  between 
the  Atlantic  and  the  Pacific:  moreover,  South  America  ia  let  bo 

far  to  tho  went  of  North  America  (being  east  of  the  meridian  of 
Niagara  Falls)  that  each  has  an  almost  entire  oocun -con tour. 
Moreov(>r,  ouch  is  triangular  in  outline,  with  the  widest  part»  or 
heud,  to  the  north. 

North  Anu-nca^  in  accordance  with  the  law,  has  on  tho  Pacific 
Mde — ^the  side  of  the  great  ocean — the  Rooky  Mountains,  on  the 
Atlantic  side  the  low  Appalachians,  and  between  the  two  there  ia 
the  great  plain  of  the  interior.  This  is  seen  in  the  annexed 
section  (fig.  18)  ttom  west  to  east:  on  the  west,  the  Bocky  IConn- 

Fig.  18. 


tains,  witli  tho  double  crest,  at  b,  the  Washington  Range  at  a, 
between  </,  b  the  (treat  Basin,  ai  d  the  Appalachians,  r  the  Mis- 
sissi])pi,  and  between  d  and  6  a  section  of  the  Mississippi  river- 
system. 

The  Cmaoade  and  Nevada  Raages  ar«  even  more  lofty  in  some  of  their  eum- 
Bilt  thia  tlis  erMt-ridgei  of  the  Retlkj  ehsfai.  In  tbs  fimur  tlMi«  is  a  liao 

of  nowy  cones  firom  12,000  to  16,000  or  18,000  feet  in  elevation,  including 
Mount  Rakor,  near  Pupct*!<  Sound,  and,  to  the  south  of  this,  Mount  St.  Helen's, 
Mount  Adnm.a,  and  Mount  Runier,  north  of  the  Columbia,  and,  south,  Mount 
Hood,  Mount  Pitt,  Mount  Jefferson,  and  the  Sha«ta  Peak, — the  last  on  the  border 
of  Oslilbnila.  Still  nosrar  Um  sea  t)iere  to  what  to  osOod  dm  Coast  Bsagc^  oon- 
^Stiag  of  lower  elevations.  Between  the  two  lie  the  valley  of  tho  SoeraaionlO 
sad  Joaqnin,  in  California,  and  that  of  tho  Willamette,  in  Oregon. 

The  Appalachians,  on  the  east,  reach  an  extoeme  height  of  bot 
6700  feet,  and  are  in  general  under  feet. 

To  tho  north  of  North  Ameriea  lies  the  small  Arctic  Ocean, 
much  encumbered  with  land ;  and,  correspondingly,  there  ia  no 
distinct  mountain-ohain  fiicing  the  ooean.  The  mountaina  of 
Greenland  are  an  independent  system,  pertaining  to  tiiat  aemi* 
oontinent  by  itself. 

The  characteristics  of  the  interior  plain  of  the  oontinent  are 
well  displayed  in  its  river-systems :  the  great  Mississippi  Bystem 
turned  to  tlie  south,  and  making  its  exit  into  the  Tiulf  of  Mexico 
between  the  approaching  extremities  of  the  eastern  and  western 
monntain-ranges ;  the  BL  Lawrenoe  sloping  off  northeastward ; 
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the  Mackenzie,  to  the  northward ;  the  central  area  of  the  plain 
dividing  the  three  systems  being  only  about  1700  feet  above  the 
ocean, — a  Less  elevation  than  about  the  head'Waters  of  the  Ohio  in 
the  State  of  New  York. 

Scmdi  America,  like  North  America,  has  its  great  western  range 
of  mountains,  and  ita  smaller  eivstern  (fig.  19  );  and  the  Brazilian 


line  (6)  is  closely  parallel  to  that  of  the  Appalachians.  As  the 
Andes  (a)  face  the  South  Pacific,  a  wider  and  probably  much 
deeper  ocean  than  the  North  Pacific,  so  they  are  more  than  twice 
the  height  of  the  Rocky  Mountains,  and,  moreover,  they  rise  more 
abruptly  from  the  ocean,  with  narnnv  shore-plains. 

Unlike  North  America,  South  America  has  a  broad  ocean  on  the 
north, — the  North  Atlantic  in  it^i  longest  diameter ;  and,  accord- 
ingly, this  northern  coa^t  has  its  mountain-chain  reaching  along 
through  Venezuela  and  Guaiana. 

The  drainage  of  South  America,  as  observed  by  Professor  Guyot, 
is  closely  parallel  with  that  of  North  America.  There  ave,  first,  a 
southern, — the  La  Plata, — reaching  the  Atlantic  towards  the  south, 
between  the  converging  east-and-west  chains,  like  the  Mississippi ; 
Mwiu/,  an  e-astern  system, — that  of  the  Amazon, — correspon<ling  to 
the  St.  Lawrence,  reaching  the  same  ocean  just  north  of  the 
eastern  mountain-border ;  and,  third,  a  northern  system, — that  of  the 
Orinoco,— draining  the  sIojmjs  or  mo^intains  nortli  of  the  Amazon 
system.  The  two  Americas  are  thus  singularly  alike  in  system  of 
structure :  they  are  built  on  one  model. 

The  relation  of  the  oceans  to  the  mountain-borders  is  so  exact 
that  the  rule-of-three  form  of  statement  cannot  he  far  from  tl»e 
truth.  As  the  size  of  the  Appalachians  to  the  size  of  the  Atlantic,  so  is  the 
uze  cf  the  Rocky  chain  to  the  size  of  the  Pacific.  Also,  As  the  heiijht  of  the 
Rocky  chain  to  the  extent  of  the  North  Pacific,  so  are  the  height  ami  boldness 
if  the  Amies  to  the  extent  of  the  South  Pacific. 

30.  (2.)  Barope  and  Asia. — The  land  covered  by  Europe  and 
Ania  is  a  single  area  or  continent,  only  partially  double  in  its 
nature  [\  19).  Unlike  either  of  the  Americas,  it  lies  east-and- 
west,  with  an  extensive  ocean  facing  Asia  on  the  south ;  and  its 
great  feature-lines  are  in  a  large  degree  east-and-west.  The  Arctic 
ii  on  the  north;  the  North  Atlantic  is  on  the  west;  the  North 


Fig.  19. 
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Pacific  on  the  east ;  Africa  and  the  Indian  Ocean  are  on  the  south. 
The  Atlantic  is  the  smallest  ocean ;  the  North  Pacific  next,~for  its 
average  depth  is  probably  not  over  18,000  feet  (p.  12),  and  it  is 
much  encumbered  by  isUmds  to  the  weet«tottth  t  the  Indian 
Ocean  next, — for  it  is  full  5000  milo.s  wide  in  front  of  the  Asiatic 
coast,  and  singularly  free  from  islands.  The  botindary  is  n  complex 
one,  and  the  land  between  the  Atlantic  and  Pacific  over  0000 
miles  broad. 

On  the  side  of  the  small  North  Atlantic  there '  are  the  moun- 
tains of  Norway  and  the  British  Isles,  the  former  having  a  mean 
height  of  4000  feet.  On  the  Pacific  side  there  are  loftier  moun- 
tains, extending  in  several  ranges  from  the  far  north  to  southern 
China,— the  Stanovoi,  Jablonoi,  and  the  Khingan  Ranges  i  and  off 
the  coast  there  is  still  another  series  of  ranges,  now  ]%irtly  sub- 
merged,— viz..  those  of  Japan  and  other  linear  groups  of  islands. 
These  stund  iu  front  of  the  interior  chain,  very  much  as  the 
Cascade  Bange  and  Sierra  Nevada  of  the  Pacific  border  of  America 
are  In  advance  of  the  snmmit^dges  of  the  Boeky  If  oimtains, 
and  both  are  alike  In  being  partly  volcanic,  with  cones  of  greal 
altitude. 

Facing  the  still  greater  Indian  Ocean,  and  looking  southward, 
stand  the  Ilimalayiis, — the  loftiest  of  mountains. — called  tlie  Hima- 
layas as  far  as  Cashmere,  an<i  from  there,  where  a  new  sweep  in 
the  curve  begins,  the  Hindoo  Cush, — the  whole  over  2000  miles  in 
length:  not  so  long,  it  Is  true,  as  the  Andes,  but  continued  as 
ihr  as  the  ocean  in  front  continues.  The  mean  hoght  of  the 
Himalayas  has  been  estimated  at  10,000  feet;  over  forty  of  the 
peaks  surpas.s  rhimhorn/.o.  The  Kuen-Luen  Mountains,  to  the 
north  of  the  Himalayas,  make  another  crest  to  the  great  chain, 
with  Thibet  between  the  two.  (ioing  westward,  the  mountains 
decline,  though  there  are  still  ridges  of  great  elevation. 

On  the  north  there  are  the  great  Siberian  plains,  baeked  by  the 
Altai,  about  half  the  Himalayas  hi  height.  The  Altai  thus  have 


Fig.  20. 


the  same  relation  to  the  Himalayas  as  the  Appalachians  to  the 
Booky  Mountains,  or  the  Brasilian  ICountains  to  the  Andes,  yet 
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witii  a  ttrtking  difference  in  the  immense  shore-plain  between 
them  and  the  sea. 

The  sketch  (fig.  20)  presents  tlio  ;:«'n<  ral  features  to  tlio  eye. 
AiCf  there  is  the  elevated  land  of  India;  between  n  ami  /j.  the  low 

liver^plnin  at  the  base  of  the  Himalayas;  at  //.  the  Iliiualayns:  />  to 
c.  Plains  of  Thibet ;  r,  the  Kuen-Luen  ridge;  <•  to,/,  Plains  ol'Mongf>lia 
and  Desert  of  Gobi ;  ut  </,  the  Altai ;  d  to  n,  the  Siberian  plains. 

The  interior  region  of  the  continent  in  its  eastern  half  is  the 
platfian  of  Gobi  and  Mongolia,  which,  at  4000  feet,  is  low  compared 
with  the  mountains  in  fk^nt  and  roar.  More  to  the  westward  the 
region  e,  d  becomes  intersected  Ity  the  lofty  Thian-elian  Range. 
Still  farther  westward  the  snrfaee  declines  into  the  grt  ;it  depression 
oecupied  by  the  Caspian  and  Aral,  part  of  which  is  below  tide-level 
(i  19). 

The  interior  drainage-system  for  Asia  is  without  outlet.  The 
waters  are  shut  up  within  the  great  basin,  the  Caspian  and  Aral 
being  the  seas  which  receire  those  waters  that  are  not  lost  in  the 
plains.   The  A'o1;.'a  and  other  streams,  Arom  a  region  of  a  million 

of  square  mile.*,  flow  into  the  Ca-^pian. 

The  Urals  8tan<l  as  a  jiai  tial  biu-rier  between  Asia  and  Europe, 
parallel  nearly  with  the  mountains  of  Norway. 

Europe  has  its  separate  system  of  elevations  and  interior  plains ; 
but  it  is  not  necessary  to  dwell  on  it  here. 

The  great  continental  mass  accords  with  the  law  stated : — ^high 
borders  propcnrtioned  in  the  rase  of  each  to  the  extent  of  the  bor^ 
dering  ocenn-  :md  ;i  ireneral  basin-form. 

'.\\.  {'.\.  I  Africa.  Atriea  has  the  Atlantic  on  tin*  wi»<t,  the  larger 
Indi.in  » >eean  on  the  ea.st,  with  Europe  and  the  ileiliiei  raiiean  on 
the  north,  and  the  »South  Atlantic  luid  Southern  Oci'an  on  the 
soath.  Its  qratem  of  structure  has  been  well  explained  by  Pro- 
fessor Ouyotb  As  he  has  stated,  the  northern  half  has  the  east- 
and-west  pomtion  of  Asia,  and  the  southern  the  north-and-south 
of  America ;  and  its  reliefs  correspond  with  this  structure.  The 
Guinea  coast  belonging  to  the  nortliern  half  i)rojects  east  in  front 
ef  the  South  Atlantic,  and  is  faced  by  tlie  east-and-west  Kong 
Range;  and  opposite,  on  the  Mediterranean,  ther<!  arc  tlie  Athis 
Mountains,  one  peak  of  whidi  11,000  feet  high, — ivlthough  the 
ridges  are  generally  much  lower.  The  two  thus  oppose  one 
another,  like  the  Himalayas  and  Altai.  The  southern  half  of  the 
continent  has  a  border  mountain-range  tlie  most  of  the  way  along 
the  west  and  south.  On  the  latter,  which  has  a  length  of  TtK) 
miles,  tln  re  are  three  or  four  parallel  ridges,  and  some  of  the 
peakii  are  4000  to  7000  feet  high.    Up  the  eastern  ccuist  tliere  is 
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also  a  raountain-bonlor,  and  higher  than  the  western.  By  these 
border-ranges  the  interior  of  Africa  is  mostly  shut  oil' from  the  sea: 
— it  is  a  thut-up  continent,  as  Quyot  calls  it.  The  loftiest  mountains 
«re  in  Abyssinia  Mid  Zanguebor,  facing  the  Indian  Ocean.  Abys- 
sinia is,  to  a  great  extent,  an  eleTated  phitean,  6000  to  7000  feet  in 
height,  with  ridges  reaching  to  11,000  and  13,500  feet :  and  ftrther 
south,  in  3°  4(V,  stands  the  snowy  Kilimanjaro,  which,  aooording 
to  report,  is  2t»,000  feet  high,  and  probably  the  source  of  the  Nile. 

The  interior  of  the  nnrt/imi  or  east-and-west  half  consifita  of  (1 ) 
the  Great  Sahara  region,  a  plateau  of  about  1500  feet  elevaiion. 
with  its  undulations  and  ridges ;  (2)  an  east-and-west  depression 
on  the  north,  between  Sahara  and  the  border-mountains,  nearly  to 
the  ooean's  lerel  in  some  parts,  and  being  the  region  of  the  oones; 
(3)  a  partial  east-and-west  depression  about  the  parallels  10°  to 
15°  N..  separating  the  Sahara  plateau  from  the  soutliorn,  and  con- 
taining Lake  Tchad,  at  an  elevation  of  800  feet.  Tlif  interior  of 
Hut  southrrn  lialf  is  a  plateau  20<M)  to  2')(^Meet  in  average  height: 
the  great  lake  Uniamesi,  south  of  the  equator,  between  the  meri- 
dians 25*  and  35«,  is  stated  by  Livingstone  to  haveits  Burfaoe  2000 
feet  aboTe  the  sea. 

Fig.  SI. 


The  sections  figs.  21  and  22  give  a  general  idea  of  these  features 
Fig.  21  is  a  section  from  south  to  north  (the  heights  necessarily 
much  exaggerated  in  proportion  to  the  length);  a,  the  southern 
mountains;  b,  the  southern  plateau;  e,  Lake  Tohad  depression; 
d,  Sahani  plateau ;  e,  oases  c^epresrion ;  /,  mountains  on  the  Medi-  , 
terranean,  of  which  there  are  two  or  three  parallel  ranges.  Fig.  22 


VIS.3X 


represents  the  surface-outline  from  west  to  east  through  the 
southern  half  of  the  continent.  In  all  these  sections  all  minor 
details  are  omitted,  in  order  to  bring  out  clearly  the  system,  or 
continental  model. 

Africa  has,  therefore,  the  basin-form,  but  is  a  double  basin ;  and 
its  highest  mountains  are  on  the  side  of  the  largest  ocean,  the 
Indian.  The  height  of  the  mountains  adjoining  the  Mediter- 
ranean is  the  only  exception  to  the  relation  to  the  oceans;  and  this 
is  small.    ^I^oreover,  the  jK>sition  of  the  head  of  the  continent 
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against  the  ootitinent  of  Europe  with  only  the  Mediterranean 
betireen,  instead  of  an  ocean,  »  a  sufficient  reason  for  the  ezoep' 

tions.  Africa  has  some  resemblance  to  America,  but  America 
turn<'d  :il>outk  with  the  most  elevated  border  on  the  east  instead  of 

the  wfst. 

32.  (4.)  Australia. — Australia  conforms  also  to  the  contint'ntal 
model.  The  highe.st  muuu  tains  are  on  the  side  of  the  Pacific,— > 
the  larger  of  its  bordeiHxseans.  The  Australian  Alps,  in  New  South 
Wales,  fiMsmg  the  southwest  shores,  have  peaks  5000  to  6500  feet  hi 
height.  The  range  Lh  continued  northward  in  the  Blue  Mountains, 
which  are  3000  to  4000  feet  high,  with  some  more  elevated  summits, 
and.  beyond  these,  in  ridgc!*  under  othor  nnnios,  the  whole  rnngc 
Ix^inp  mostly  botwoon  2000  an<l  tRKK)  feet  in  elevation.  The  interior 
is  regarded  aH  a  low,  arid  region. 

The  continents  thus  exemplify  the  law  laid  down,  and  not 
merely  as  to  hi^  borders  around  a  depressed  interior,*— a  prixi- 
dple  stated  hy  many  geographers,— hut  also  as  to  the  hij^est  Ixnder 
bdng  on  the  side  of  the  greatest  ocean.*  The  continents,  then,  are 
all  built  on  one  model,  and  in  their  structures  an<l  origin  have  a 
relation  t<i  tho  ocoans  that  is  of  fundamontal »inii»ortan('o. 

It  is  owing  to  tliis  law  that  America  and  Euro|H»  literally  stand 
facing  one  another,  and  pouring  their  waters  and  the  treasures  of 
the  soil  into  a  conmion  channel,  the  Atlantic.  Am^ca  has  her 
loftier  mountains,  not  on  the  east,  as  a  barrier  to  intercourse  with 
Europe,  but  off  in  the  remote  west,  on  the  broad  Fkoific,  where 
they  stand  open  to  the  moist  easterly  winds  as  well  those  of 
the  west,  to  gather  rains  and  snows,  and  make  rivers  and  alluvial 
plains  for  the  continent:  and  tho  waters  of  all  the  great  streams, 
lakes,  and  seas  make  their  way  eastward  to  the  narrow  ocean  that 
divides  the  oviliaed  world.  Europe  has  her  slopes,  rivers,  and 
great  seas  opening  into  the  same  ooean;  and  even  cmtral  Asia 
has  her  most  natural  outlet  westward  to  the  Atlantic.  Thus,  under 
lllis  simple  law,  the  civilized  world  is  brought  within  one  great 
country,  the  centre  of  which  is  the  Atlantic,  uniting  the  land  by  a 
convenient  ferriage,  anfl  the  sii/rs  the  slopes  of  the  Rocky  ^roun- 
tains  and  Andes  on  the  irfft,  and  the  remote  mountains  ol  Mon- 
golia, India,  and  Abys-sinia  on  the  cast.f 

This  sntilect  aflbrds  an  answer  to  the  inquiry,  What  is  a  continent 
as  distinet  ftom  an  island?  It  is  a  body  of  land  so  large  as  to  have 
the  typical  basin-form, — that  is,  mountain-borders  about  a  low  into- 


*  Fir«t  aoBoanoed  American  Jour.  SoL  [2].  xvii.,  vol><.  iii.  iv..  1^47,  and  xxii. 
33^,  t  Sec  Gu jot's  Earth  and  Man. 
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rior.  The  mountain-boiden  of  the  oontiiMiiis  vary  hem  500  to 
1000  miles.  Hence  a  continent  cannot  be  less  thaa  a  thoutand 
miles  (twice  five  hundred)  in  width. 

8.  SYSTEM  IN  THE  COURSES  OF  THE  EAKTli  S  FEATURE- 

33.  The  system  in  the  oourses  of  the  earth's  ouilmes  is  exhihited 
alike  over  the  ooeans  and  continents,  and  all  parts  of  the  earth  are 
thus  drawn  together  into  even  a  closer  relation  than  appears  in  the 
principle  already  explained. 

The  principles  established  l)y  the  facta  are  as  follow:  That  (1) 
two  gl  oat  systems  of  courses  or  tmid.H  |>revail  over  the  world,  a  north- 
western and  a  northeastern^  transverse  to  one  another  ;  (2)  that  the  islands 
of  the  oceans,  the  outlines  and  reliefs  of  the  continents,  Mxd  the 
oceanic  basins  thraoselves,  alike  exemplify  these  qrstems ;  (3)  that 
the  mean  or  average  directions  of  the  two  ^tems  of  trends  are 
northwest-by-west  and  northeast-by-north ;  (4)  that  there  are  wide 
variations  from  these  courses,  but  according  to  principle,  and  that 
these  variations  are  often  along  curving  lines;  (5)  that,  whatever 
the  variations,  when  ihe  lines  of  the  two  systems  meet,  they  meet 
nearly  at  right  angles  or  transversely  to  one  another. 

34.  (1.)  XUanda  of  tha  Paoiflo  Ooean. — ^The  lines  or  ranges  of 
islands  over  the  ocean  are  as  r^;;nlar  and  as  long  as  the  mountain- 
ranges  of  the  land.  To  judge  correctly  of  the  seeming  irregularities* 
it  is  necessary  to  cnnsidor  tliat  in  chains  like  the  Rocky  Mountains, 
or  Andes,  or  Appalachians,  tlu*  ridizcs  vai  v  tlieir  course  many  de- 
grees as  they  continue  on,  sometinu's  sweeping  around  into  some 
new  direction,  and  then  returning  again  more  or  less  nearly  to  their 
former  course,  and  that  the  peaks  of  a  ridge  are  very  fiur  from 
being  in  an  exact  line  even  over  a  short  course ;  again,  that  several 
approximately  parallel  courses  make  up  a  chain. 

A.  NoRTHWEsrrRt.Y  srsTBM  OF  TRENDS. — In  the  southwestern  Pacific, 
the  Xnc  Hebrides  (fi;:,  '-<\)  sliow  well  this  linear  arrangement;  and 
even  each  island  is  elongated  in  the  same  direction  with  the  group. 
This  direction  is  nearly  northwest  (N.  40°  W.j,  and  the  length  of  the 
chain  is  fiOO  miles.  Neio  Cdednaa,  more  to  the  southwest,  has 
approximately  the  same  course,— about  northwest.  Between  New 
Hebrides  and  New  Caledonia  lies  another  parallel  line,  the  Lojftdfy 
Group.  The  Salomon  Islands,  farther  northwestward,  are  also  a 
linear  group.  The  chain  is  mostly  a  double  one,  consisting  of  two 
parallel  ranges,  and  each  island  is  linear,  like  the  group,  and  with 
the  same  trend.  The  course  is  northwest-by-west,  the  length 
600  miles. 
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In  the  North  Pacific,  the  Iluwaian  rnngo  hns  a  wost-northwest 
Gou»e.   The  iiaAdvricb  or  Uawaian  Islands  (fig.  24),  from  Hawaii 
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to  KauJii,  make  uj>  the  southeasterly  part  <>f  the  ruii^c,  about  400 
miles  in  length.  Beyond  thi.s  the  lino  extends  to  176°  making 

Fig.  24. 


155 

> 

l^llMnil;  M,Xanl;  3,  Kaliooliiwv;  4,Luul; 
C,  Mololni;  0^  (Mia:  K,  KbmI. 

A  total  length  of  nearly  2000  miles,—*  distance  as  great  as  fW>m 
Boston  to  the  Great  Salt  Lake  in  the  Rocky  Mountains,  or  from 
London  to  Alexandria.  Koreover,  in  thb  chain  there  are  on 
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Hawaii  two  summits  nearly  14,000  foet  in  altitude;  and  if  the 

ocean  around  is  15,0(.K)  foot  cloop,  the  wliole  hei^tof  these  peaks 

is  just  thfit  of  Mount  Everest  in  tlio  llimalayjxs. 

Between  tiiese  gioujts  lie  the  islands  of  i\w  ocean,  all  nearly 
parallel  in  their  coun>es.    Fi^s.  25,  20  ai'e  examples. 

Fif.  25. 
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The  following  table  gives  the  eoaraei  of  the  priaeipsl  chains  of  the  ooeui}— 

OmuM. 

Ilawaian  range  ...••«.*.        If.  64^  W. 

MsffiMMW  Iflande  „.   N.  M«  W. 

Paamotii  Archipelago.......... »   N.  r)0°  W. 

Tahitlan  or  S6teicty   X.  62°  W. 

Henrey  lalandt   6jo  W. 

8amoan  or  Narigator  lalanda.*....,   N.  W. 

Tnrawan  or  KiagamiU  Idaada.   K.  S4*  W. 

Ralick  K^oiip  ...»......»»...«...••.•.....   N.  ^7^  W. 

Kadack  group   N.  30°  W. 

Now  Hebrides  „     N.  40«  W. 

Now  Caledonia   N.  44*  W. 

North  cxiromity  of  Mew  Zealand   X.  so©  W. 

Salomon  I»land8.......„   N.  ir"*  W. 

Louisiade  group   N.  56^  W. 

Now  Ireland  „  N.  6ft*  W. 


B.  NoRTnEASTERLY  SYSTEM  OF  TRENDS. — ^Tli«'  liodv  of  N«"w  Zealan<l 
has  a  northea.st-by-north  course.  The  line  is  continued  to  the  south, 
through  the  Auckland  and  Macquarie  Islands,  to  58°  S.  To  the 
north,  in  the  same  line,  near  SO**  8.,  lie  the  Kermadec  Islands,  and 
fiurther  north,  near  20*  S.,  the  Tonga  or  Friendly  Idaads. 

The  Ladrones,  north  of  the  eqnator,  follow  the  same  general 
oonrse.  It  also  occurs  in  many  groups  of  the  northwesterly  system 
characterizing  subortlinate  parts  of  those  groups.  Thus,  the  weat- 
ernnift'^t  of  the  Ilawaian  Islanils,  Xihau.  lies  in  a  north-northwest 
line,  and  the  two  lofty  peaks  of  Hawaii  have  almost  the  same 
bearing. 
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35.  PAOiFir  isLAyi>-cnAiNs. — Tlie  groups  of  Pacific  islands,  with  a 
few  ♦'x*  options,  ar*'  not  ind«'ponflent  linp;*,  but  subordinate  parts  of 
island-chains.  There  are  three  grt>at  island-chains  in  the  ocean 
whieh  b^ong  to  the  northweeterly  system,— the  Hmoaian,  the  Fofy- 
iMMH,  and  the  ^winiAuKm,— and,  exduding  the  Ledronefl^  which 
b«lMig  ta  the  western  Paoifie»  one  belonging  to  the  norUieasterl^ 
•ystem,  viz.:  the  Tongan  or  New  Zealand  chain. 

(1.)  JTuwaian  chain. — This  chain  has  already  been  described. 

(2.)  Po/yn/'jtian  ch<rn\. — This  chain  sweeps  through  the  centre  of 
the  ocean,  and  has  a  length  of  5500  miles,  or  nearly  one-fourth  the 
circumference  of  the  globe.  The  Paumotu  Archipelago  and  the 
TUiitian  and  Herrej  Islands  are  parallel  lines  in  the  diain,  forming 
ill  eastern  extremity;  westward  there  are  the  flamoan  and  Tsra> 
van  groups  and  others  intermediate ;  still  northwestward  there 
are  the  Radack  and  Baliok  gFODps,  and  in  20*  N.,  on  the  same  line^ 
Wakes  Island. 


Pig.  27. 


1  Is  1%  tlM M7B«aian  chain :  1,  Paomota  group ;  2,  Tibltlaa ;  3,  RaratQ  grotip ;  4,  Herrif 
psip;  fitSuBOU  or  Navl^tan' ;  %  Takufo  group ;  7,  Taitapa  group ;  8,  KiogBmiU  groypt 
SkBallek;  10^  Radack;  11,0aroUtiM;  U  Marqnam;  IS,  FMuring  gmpt  14,Ba«aiMl. 
« to  A,  part  of  the  Aoatralaaian  chain  :  'i,  N<w  Caledonia:  h.  Loyalty  group ;  e.  New  Ilebll* 

te:  it  8»u  eras  pony  :iba>><)>»»I'^<*<>^ 
airalty  groop. 

In  fig.  27  the  positions  and  trends  of  the  various  groups  in  tins 
POlypesian  chain  are  indioated  by  lines  numbered  from  1  to  10. 
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{a.)  The  chain,  as  is  seon,  consists  of  a  scries  of  parallel  ranges 
succeeding  and  overlapping  along  the  general  course,  in  the  wanner 
illustrated  on  page  19,  when  speaking  of  mountains.  (6.)  It  varieB 
its  course  gradually  from  vest^northwest  at  the  eastern  extoemity  to 
north'^orthwest  at  the  western.  («.)  Its  mean  trend  is  northwest- 
by-west  (N.  56*  W.),  the  mean  trend  of  all  the  groups  of  the  north- 
westerly  system  in  the  ocean.  (</.)  The  chain  is  a  curving  chain, 
convex  to  the  southward,  and  marks  the  j>osition  of  a  great  central 
elliptical  Ini-sin  of  the  Pacific  having  the  siime  northu cstiTly  trend. 
The  Uawaian  is  on  the  opposite  side  of  it,  slightly  convex  to  the  uorth. 

The  Marquexan  ranf^c  lies  in  the  tmmc  line  with  the  Fanning  group  to  the 
northwo.xt.  just  north  of  the  equator;  and,  if  m oonufloUon  exutc,  snothMrgnst 
obain  id  iudicuted, — a  Marqueoun  chain. 

(3.)  Australasian  dk(dn. — ^New  Hebrides  and  New  Caledonia  belong 
to  the  Australivsian  islandn^hain.  The  line  of  New  Ilebridos  is 
continued  northwestward  in  the  Siilomon  group  and  New  Ireland, 
though  bending  a  little  more  to  the  westward,  and  terminates  in 
Admiralty  Land,  near  145°  £.,  where  it  becomes  very  nearly  east- 
and*west:  the  length  of  the  range  is  about  2000  miles.  Taking  another 
range  in  the  chain.  New  Caledonia,  the  course  is  continued  in  the 
Louisiade  group ;  tlien  the  north  side  of  New  Guinea,  which  con- 
tinues bending  gradually  till  it  becomes  east^md-west,  near  \?>5°  E.: 
and  in  tlie  soutlica-^t.  l>elonging  to  the  same  general  line,  there  is  the 
foot  of  the  Nt  w  Zt  ;iland  hoot.  The  coral  islands  between  N»'W 
Caledonia  and  Australia  ai>pear  also  to  be  other  lines  in  the  chain. 

From  New  Guinea  the  east-and-west  course  is  taken  up  by  Ceram, 
and  again,  more  to  the  south,  in  the  Java  line  of  islands ;  and  from 
Java  the  chain  again  begins  to  rise  northward,  becoming  northwest 
finally  in  Sumatra  and  Malacca. 

The  several  ranges  make  up  one  grand  island-chain,  with  a 
double  curvature,  the  whole  nearly  OOOO  miles  long.  The  relation 
of  the  parts  in  the  system  i^^  sliown  in  figure  28,  in  which  &  line 
stands  for  each  group  and  iudicutcs  its  course. 

The  composite  nature  of  the  chain  is  here  apparent;  as  also  the 
curving  course,  in  connecti<m  with  a  prevailing  ccmformity  to  a 
northwesterly  trend. 

(4.)  Blenif'iii/  of  t/w  Auttndasinn  and  Polynesian  island-chains. — The 
two  chains  blend  with  one  another  in  the  reuion  of  the  Carolines. 
This  large  archipelago  properly  inc  ludes  the  Ralick  and  Radack 
groups.  At  theTarawan  group,  just  south,  the  Polynesian  ciiain 
divides  into  two  parts, — the  Ralick  and  Radack  ranges.  But  the 
main  body  of  th^  ambiviAiAfm  ttu^fiv.Vl  and  the  chart)  tmida  off  to 
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the  westward,  and  is  a  third  branch,  conforming  in  direction  to 
the  Auatralaaiaii  ayatem. 


Fig.  28. 


A,  B,  C,  Samati-A  and  Java  line  of  blands :  D,  Oram;  K,  norili  c^vutt 
«f  KewOvteM;  f,  Soath  M«wOainca;  Q,  AdBdtmlty  lalaiuU;  H, 
fowMade  graap;  T,  Salnnion:  J,  SanU  Cms  group:  K,  N-w 
Mto;  L,  Loyalty  fcroup;  M,  New  Caledonia:  N,  high  Intuls  of 
■Ottbcaat  Auatralia;  O,  New  Zealand;  a6,  northweat  shore  of  Bor- 
Bco;  cd.  Mat  Baauo;  «/,  wwt  ooMt  of  OelebM;  g  Jk,  waat  coMt  of 
OOola 

The  Oarolin«  Archipdago  forka  at  ita  aoutheaatera  extremity,— 
one  pcntion,  the  Tarawaa,  Hadack,  and  Kalick  lahuida,  oonforming 

to  the  Polynesian  f^y.^tem  (8,  9,  10  in  fig.  27),  while  the  great  body 
of  tho.  Carolin<'  Islands  tr«*nd  off'  iiiorr>  to  (he  westward  (No.  11), 
pnmllel  with  New  Zealand  and  tlic  A<lmiralty  group  (jr,  A  of  the 
name  cut)  and  others  of  tlie  Australasian  system. 

(5.)  New  Zf  olaml  chain. — Tho  ranges  in  this  chain  iirc  mentioned 
m  i  34.  The  whole  h  n^^th,  from  Maoqiiarie  Island,  on  the  south, 
to  V«vaa«  a  voloanio  island  terminating  the  Tonga  range,  on  the 
north,  is  2500  miles.  To  the  east  of  New  Zealand  lie  Chatham  Island,* 
Beverly,  Campbell,  aad  Emerald,  which  correapond  to  another  range 
in  the  chain. 

This  transverse  cliain  is  at  ri^ht  angles  w^ith  the  Polynesian  system 
at  the  point  where  the  two  meet.  Moreover,  it  is  nearly  central 
to  the  ocean;  and  in  its  course  farther  north  lie  the  Samoan 
and  Hawaian  lalanda,  two  of  the  largest  groups  in  the  Polynenan 
QFSteuL 

The  oentnl  poaitiont  great  length,  and  rectangularity  to  the 
northwest  ranges  give  groat  significance  to  this  New  Zealand  or 
nnrthnaatflrly  ^atem  of  the  ocean. 


Digitized  by  Google 


86 


PHTSIOaaA.PHIO  OEOLOOY. 


The  faurge  Veejee  group  Hm  near  the  intonaotioii  of  the  time  Pfteifle  ehehit ; 
and  henoe  ita  nimenHU  ieUntU  do  not  conform  to  either  9m9,  tiimigh  the  larger 

islands  approximate  most  nearly  to  tbo  last  in  direction. 

30.  (2.)  Pacific  and  Atlantic  Oceans. — The  trend  of  the  Pacific 
Ocean  us  a  whole  corresponds  with  that  of  its  central  chain  of 
inlands,  and  very  nearly  with  tlu;  mean  trend  of  the  whole.  It  is  a 
vast  channel,  elongated  to  the  northeast.  The  range  of  heights  along 
northeMtem  Austfalia  nms  from  the  eastern  ooaat  northwesterly, 
bj  the  head  of  the  great  gulf  (Carpentaria)  on  the  north ;  and  the 
opposite  side  of  the  ocean  along  North  America,  or  its  bordering 
mountain-chain,  has  a  similar  mean  trend,  A  straight  line  drawn 
from  northern  Japan  throupli  the  eastern  Paumotua  to  a  point  a 
little  .south  of  Cajte  Horn  may  be  called  the  axis  of  the  ocean. 
Thia  axial  line  i»  nearly  half  .the  circumference  of  the  sphere,  and 
the  transrerse  diameter  of  the  ocean  fbll  one-fourth  the  circum- 
ference: ao  that  the  facts  relating  to  the  Pacific  chains  must  have 
a  universal  importance. 

The  Norih  Atlantic  Ocean  trends  to  the  northwest, — or  at  right  angles, 
nearly,  to  the  Pacific;  this  is  the  course  of  the  coasts,  and  therefore 
of  the  channel.  Taking  the  trend  of  tlie  southeast  coast  of  South 
America  as  the  criterion,  the  iSouth  AtlatUic  conforms  in  direction  to 
the  North  Atlantic. 

The  Asiatic  coast  of  the  Pacific  has  the  direction  of  the  north- 
easterly system.  The  course  is  not  a  nearly  straight  line,  like  the 
corresponding  eastern  coast  of  North  America,  but  consists  of  a 
series  of  mrves,  which  series  is  repeated  in  the  outline  of  the  Asiatic 
coast  and  in  the  mountains  of  the  country  back.  Moreover,  the 
curves  meet  one  another  at  right  angles. 

The  last  one,  whi<A  is  1800  miles  toag,  ccmmimces  in  Formosa,  and 
extends  along  by  Lnson,  Palawan,  and  western  Borneo,  to  Sumatra^ 
and  terminates  at  right  wngjUi  with  Sumatra ;  and  another  ftircation 
of  it  passes  by  eastern  Borneo  or  Celebes,  and  terminates  at  rigkt 
aiifjlrs  with  Java  and  the  islands  just  east  (fig.  2S  ).  The  rectangu- 
larity  of  tlie  intersections  is  thus  preserved  ;  an<l  the  curve  of  the 
Australasian  chain  has  in  this  way  determined  the  triangular  form 
of  Borneo. 

The  Aleatiaa  Idaadi  (mage  No.  1)  mak»  a  earve  aoreu  ftea  Ameriea  to 

Kamtchatka.  in  length  1000  mllea.  The  Kamtohatka  range  (No.  2)  commences 
at  right  nn^1r!i  with  the  termination  of  the  Aleutian,  ami  bends  around  till  it 
Btrikes  Japan  at  a  right  angle.  The  Japun  range  (No.  3)  commoncea  north  in 
Saf  halien,  and  ennrea  around  to  Cores.  The  Looehoo  range  (Ko.  4)  leave*  Japsa 
at  a  right  an  t:1t>.  a  ml  c  urres  aroond  to  Fomooa.  The  Formeea  mage  (No.  6)  it 
explained  uhuve.  Thoro  apparently  a  repetition  of  Uio  FonBoea  4jitem  in 
the  Ladrones  near  longitude  \AS>^  £. 
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37.  (3.)  East  and  Weat  Indies. — Tho  gonoral  coursos  in  tho 
Eft^t  Iiidifs  l»av*'  been  luentiont'd  in  ^  ;'>•">.  In  tlio  Wost  Indies  and 
Central  America  there  is  a  repetition  of  the  curves  in  the  Ea^t 
Indki.  The  course  of  the  range  along  Central  America  corresponds 
to  Snmatra  and  Javii;  the  line  of  Florida  and  the  Islands  to  the 
southeast  makes  another  range  in  the  same  system. 

The  East  and  West  Indies  are  very  imilar  in  their  relations  to 
the  continents  and  oceans.  About  the  Jui^l  Indies  Asia  lies  to  tlie 
northeast  and  Australia  to  tlie  soutliwest,  just  like  North  nnd 
South  America  about  the  West  Indies;  and  the  North  Pacitic  and 
Indian  Ocean  liave  the  same  bearing  about  tho  former  as  the  North 
Atlantic  and  South  Pacific  about  the  latter.  The  parallelism  in  the 
bends  of  the  great  chains  it,  hence,  only  a  part  in  a  wide  qrstem  of 
geographical  parallelisms. 

38.  (4.)  The  American  continents. — In  North  America  the  norM- 
tcfx(  system  is  sof n  in  tin-  general  course  of  the  Rocky  ^fountains, 
the  Cascade  Range  and  Sierra  Nevada; in  Florida;  in  the  line  of 
lakes,  from  Lake  Superior  to  the  mouth  of  the  Mackenzie ;  in  the 
southwest  coast  of  Hudson's  Bay ;  in  the  shores  of  Davis'Straits  and 
Baffin's  Bay ;  and  with  no  greater  divergences  from  a  common  course 
than  occur  in  the  Pacific.  The  northeast  system  is  exemplified 
in  the  Atlantic  coast  from  Newfoundland  to  Florida,  and,  still 
fartljer  to  the  nort]i<>ast,  along  the  coiist  of  (Ureenland  ;  and  to  the 
soutlixvest  along  Yucatan,  in  Central  America.  The  Ai^palachian 
Mountains,  the  river  St.  Lawrence  to  Lake  Erie,  and  the  north- 
west shore  of  Lake  Superior,  repeat  this  trend. 

There  are  curves  in  the  mountain-ranges  of  eastern  North  Ame- 
rica like  those  of  eastern  Asia.  Tho  Green  Mountains  run  nearly 
nwth-and-south,  but  the  continuation  of  this  line  of  heights  across 
New  Jersey  into  r<'nTi<ylvania  curves  around  gra<lually  to  the 
westward.  Tho  All<-;.'liani('s,  in  their  course  from  Pennsylvania  to 
Alabama  and  Teiuiessee,  have  the  same  curve.  There  appeiu's  also 
to  be  an  outer  curving  range,  bordering  the  ocean,  extending  from 
Newlbundland  along  Nova  Scotia,  then  becoming  submerged,  though 
indicated  in  the  sea-bottom,  and  continued  by  southeastern  New 
England  and  Long  Island. 

Between  this  range  and  that  of  the  Green  Mountain-^  lies  one  of 
tlie  pi-eat  Ijasins  of  ancient  geological  time,  while  to  the  wi'stward 
of  the  Green  Mountaiunaud  Aileghanies  wa»  the  grand  interior  basin 
of  the  continent.  The  two  were  to  a  great  extent  distinct  in  their 
geologieal  histofy,  being  apparently  independent  in  their  ooal- 
depodta  and  in  some  other  formations. 

In  Soath  America  the  north  ooast  has  the  same  course  as  the 
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Hawainn  chain,  or  portnins  to  tho  northwest  system ;  and  the  coast 
south  of  the  east  cape  belongs  to  tlio  northeast  system.  Hence  the 
outline  of  the  continent  makes  a  right  angle  at  the  cape.  The 
northwest  system  is  repeated  in  the  west  coast  by  southern  Peru 
and  BoliTM,  and  the  northeaat  in  the  ooaat  of  northern  Peru  to 
Daiien :  bo  thai  this  northern  part  of  South  America,  if  the  Bolivian 
line  were  continued  across,  would  have  nearly  the  form  of  a  paral- 
Mogram.  South  of  Bolivia  the  Andes  correspond  to  the  northeast 
system,  although  more  nearly  north-and-south  than  usual. 

39.  (5.)  Islands  of  the  Atlantic. — The  Azores  Imvo  a  west-north- 
west trend,  like  the  Uawaian  chain,  and  aie  partly  in  three  lines, 

ns.n. 


/ 

/ 


 c^.^'.^ 
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Axorct,  or  We«tcrn  Islandi. 
with  evidences  also  of  the  transverse  system.  The  Canaries,  a.s  Von 
Buch  has  shown,  present  two  courses  at  right  angles  with  one  an- 
other,—* northwest  and  a  northeast. 

Again,  the  line  of  the  southeast  coast  of  South  America  tttteada 
•cross  tlie  ocean,  passes  along  the  coast  of  Europe  and  the  Baltic, 
and  tiie  mountains  of  Norwiqr  and  the  feature-lines  of  Great  Britain 
are  parallel  to  it. 

6.  Asia  and  Europe.— In  Asia  the  Sumatra  line,  taken  up  by 
Malacca,  turns  northward,  until  it  joins  ilie  knot  of  mountains 
formed  by  the  meeting  of  the  range  fiicing  the  Pacific  and  that 
Ihcing  the  Indian  Ocean.  At  this  point,  and  partly  in  continuation 
of  ft  Chinese  range,  conunence  the  majestic  Himalayas, — at  first 
east4md-west,  at  ri^t  angles  with  the  terminfttion  of  the  Malaoca 


Digitized  by  Google 


QBNBKAL  FEATUBS8  OF  THE  EARTH. 


39 


line,  then  gradually  rising  to  weftt-northwest.  The  coui-iie  ia  con- 
timied  northw«8tward  in  the  Hindoo  Cttsh,  extending  towards  the 
Oupiaa,— 4n  the  CSBOcasus,  heyond  the  Cbiepian,  and  the  Carper 

thians,  beyond  the  Black  Sea.  The  northwest  course  ap]->ears  also 
in  the  Persian  Gul^  and  the  plateaus  a<yoining,  in  the  Rod  Sea,  the 

Adriatir  and  Apennines. 

40.  Recapitulation. — From  this  survey  of  the  continents  and 
oceazus  it  follows : — 

That  while  there  are  many  variations  in  the  courses  of  the  earth's 
fMtare>lines,  there  are  two  directions  of  prevalent  trends, — ^the  north- 
westerly and  the  northeasterly ;  that  the  Pacific  and  Atlantic  have 
thereby  their  positions  and  forms,  the  islan<ls  of  the  oceans  their 
?y8t<*mafic  groupings,  the  continents  their  triangular  and  rectan- 
gular outlini'"^,  and  the  vfiy  i.liy-^ioijnomy  of  tlie  ^dohe  an  accord- 
ance witli  honio  ooniprehcn.sive  inn.  The  organ's  islands  are  no 
labyrinths,  the  surface  of  the  sphere  no  ha]>-}iazard  scattering  of 
valleys  and  plains ;  but  even  the  continents  have  a  common  type 
of  structure,  and  every  point  and  lineament  on  their  surfboe  and 
over  the  waters  is  an  ordered  part  in  the  grand  structure* 

It  has  been  pointed  oot,  irrt  by  Profesior  B.  Ow«n,  of  Tennetfse,*  tbat  the 

oatlinea  of  the  c<aitinent!<  lie  in  the  direction  of  great  circles  of  the  sphere, 
which  preat  circles  are  in  general  tantrfntinl  fo  the  arctic  or  aiitarctio  oircles. 
Bjr  placing  the  north  pole  of  a  globe  at  the  elevation  23°  28'  (oqu&l  to  the  dis- 
tsBM  of  tbo  aietio  dndo  from  the  pole  or  lbs  tn^loal  from  tho  eqnator),  tbon, 
«•  ravolvisg  tbo  i^bo  eastward  or  wostward,  part  of  tboM  oontiaoatal  ovtlines, 
on  cominfi^  down  to  the  horizon  of  tho  glol)e,  will  he  found  to  coincide  with  it; 
■ad  on  elevating  the  south  pole  in  the  same  mauncr.  there  will  bo  other  coinci- 
dsMM.  Other  great  lines,  as  part  of  those  of  tho  Pavitic,  are  tangents  to  tho 
tropioal  etrelos  instoad  of  tho  arotie.  Bat  thoro  aro  otbor  oqaaUy  important 
lines  which  arcor*!  with  neither  of  thcfc  two  systcins,  and  a  diversity  of  excep- 
tion? when  wc  compare  the  lines  <>%-er  the  surfaces  of  tho  continents  and  oceans. 

Still,  the  coincidences  as  regards  the  continental  outlines  are  so  striking  that 
tboy  srast  bo  roeoivod  as  a  fiMt,  wbothor  wo  aro  ablo  or  not  to  ind  aa  oxplana* 
tim,  or  bring  thorn  mto  harmony  with  otbor  groat  linos. 

4.  SYSTEM  IN  THE  OCEANIC  MOVEMENTS  AND  TEMPERATURE. 

41.  (1.)  System  of  oceanic  movements. — The  general  courses 
of  the  ocean's  currents  are  much  modified  by  the  forms  and  posi- 
tions of  the  oceans;  but  the  plan  or  system  for  each  ocean,  north 


*       to  tbo  Qoology  of  tbo  Olobo,  8vo,  Now  Tork,  1857*  and  Am.  Joar.  SoL 
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or  south  of  the  eqiMtor,  Ib  the  same.  This  system  is  illwteted 
in  the  annexed  figure  (fig.  30),  in  which  all  minor  movements 
are  avoided  in  order  to  present  only  the 

predominant  courses.    W  E  is  the  equator  ^'K* 
in  either  ocean :  30*',  GO®,   the  parallels  so 
namod ;   N,  S,  the  opposite  polar  rncions : 
the  arrow-beada,  show  tho  direction  of  the 
movements 

The  main  fueU  are  as  follow: — 

(1.)  A  flow  in  either  tropio  (see  fignre)>)em 
iheeeutf  &nd  in  the  higher  temperate  latitudes 
from  the  toMt,  the  one  flow  turning  into  the 
other,  making  an  elliptical  movement.  The 
tropical  waters  may  pass  into  tlie  extratro- 
pical  regions  in  all  longitudes,  but  the  move- 
ment is  appreciable  only  towards  the  sides  of 
the  oceans. 

(2.)  A  flow  of  a  part  of  the  easterly-flowing  eztratropical  waters 

(see  fig.  30)  outward  towards  tlio  polar  region,  to  return  thence 
with  the  polar  waters  mainly  along  the  western  side  of  theocean 
(though  partly  by  the  eastern). 

(3.)  A  flow  of  the  colder  current  \inder  the  warmer  when  the 
two  meet,  since  cold  water,  down  to39i°F.,  is  heavier  than  warm. 

(4.)  A  lifting  of  the  deep-seated  cold  currents  to  the  surfiuse 
along  the  ndes  of  a  continent  or  island,  or  over  a  submerged  bank, 
as  on  the  west  coast  of  South  America. 

(5.)  A  movement  of  the  circuit,  as  a  whole,  some  degrees  to  the 
north  or  south  with  the  change  of  tho  seasons,  or  as  the  BUn  pSBflffl 
to  the  north  or  south  of  the  <N|UHtor. 

(G.)  On  the  west  side  of  an  ocean  (see  fig.  30)  the  cold  northerly 
current  is  mainly  from  the  polar  latitudes ;  on  the  east  side  it  is 
mainly  from  the  high  temperate  latitudes,  being  the  cooled  extra- 
^pieal  flow  on  its  return. 

(7.)  The  tropical  current  has  great  depth,  being  a  profimnd 
movement  of  tho  ocean,  and  it  is  bent  northward  in  its  onward 
course  by  the  deep,  submerged  sides  of  the  continents.  The  Gulf 
iStream  has  consequently  its  main  limit  HO  to  100  miles  from  the 
American  coast,  where  the  ocean  commences  its  abrupt  deptlis 
(I  17 ).  Hence,  a  subm^gence  of  a  portion  of  a  continent  suflS- 
cient  to  give  the  body  of  the  current  a  free  discharge  over  it 
would  have  to  be  of  great  depth, — ^probably  two  thousand  feet  at 
least. 

42.  The  usual  explanation  of  the  courses  is  as  follows    As  the 
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partfi  rotatfiH  to  tho  oiustward,  the  westward  tropical  flow  is  due 
dimply  to  a  slight  lagging  of  tho  waters  in  those  latitudes.  But 
tmufer  these  wsters  towards  the  pole,  where  the  earth's  sarfkce 
aioTes  less  rapidly  (the  rate  of  motion  Taries  as  the  cosine  of  lati- 
tude), and  then  they  may  move  fa^^ter  than  the  earth's  surface  and 
so  have  a  movement  to  aulward.  Thus,  the  tropical  current/rom  the 
mft  bncomos  an  eastward  one,  or  from  (fie  wcjit,  by  mere  ohan«io  of 
latitude;  un<l  at  somic  jxiint  intermediate  there  woidfl  l)e  a  region 
of  no  eatst-and-west  movement.  Any  cause  producing  motion  from 
the  equator  towards  the  poles,  and  the  reverse,  would  therefore 
Ining  about  the  tropical  and  extratropical  movements.  On  the 
ssme  principle,  any  waters  flowing  from  the  polar  r^ons  (where 
the  earth's  motion  at  surface  is  slow)  towards  the  equator  would  be 
thrown  mainly  against  tlie  »rv  f?  .v>lr  of  the  oceans  (as  the  Labrador 
current  in  the  North  Atlantio|,  for  they  liave  no  power  to  keep 
uj)  with  the  earth's  ni<»tioii.  But  the  waters  Howijig  towards  the 
pole,  that  have  not  lost  much  of  their  previous  e^istward-moving 
force,  mi^  descend  to  lower  latitades  akmg  the  east  side  of 
the  ooeaa. 

43.  Put  the  above  figure  in  either  the  Atlantic  or  Pacific,  and 

the  system  for  the  ocean  will  be  apparent  at  a  glance. 

In  the  North  Atlantic  the  deep  tropical  eurrent  fnnn  thr  raH  is 
turned  to  the  northward  along  the  West  India  islands,  and  it  there 
becomes  the  Gulf  .Stream;  it  Hows  by  Florida  to  the  northeast,  fol- 
lowing nearly  the  outline  of  the  oceanic  basin  17) ;  it  passes  the 
Newfoundland  bank,  and  stretches  over  towaids  Europe ;  then  a 
part  bends  southeastward  to  join  the  tropical  current  and  complete 
the  ellipse;  the  centre  of  this  ellipse  is  the  Sargasso  Sea,  abounding 
in  nv.-eds  and  calms.  Another  large  portion  continues  on  north- 
eastward over  the  region  between  Britain  and  Iceland  to  the  poles. 
From  the  polar  region  it  returns  along  by  Kjtstern  (  Jreenland,  Davis' 
Straits,  and  other  passages,  pressing  against  the  Nortli  American 
coast,  throwing  cold  water  into  the  Gulf  of  St.  Lawrence,  bringing 
icebergs  to  the  Newfoundland  banks,  and  continuing  on  southward 
to  the  West  India  islands  and  South  American  coast,  where  it  pro- 
duces slight  effects  in  the  temperature  of  the  coast-waters.  Cape 
Cod  stands  out  so  far  that  the  influence  of  the  cold  current  is  less 
strongly  felt  on  tlio  sliores  south  than  north;  and  Cape  Uatteras 
cuts  otr still  another  portion. 

In  the  South  Atlantic  there  is  the  tropical  flow  from  the  east; 
the  bending  south  towards  Itto  Janeiro;  the  turn  across  towards 
Ckpe  of  Good  Hope;  and  the  bending  again  northward  of  the 
watm  now  cold.  But,  owing  to  the  manner  in  which  the  channels 
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of  the  South  Atlantic  and  North  Atlantic  are  united,  a  largo  ])art 
of  the  tropical  current  of  the  former  goes  to  swell  the  tropical  cur* 
rent  and  Oulf  StreMn  of  the  latter. 

In  the  North  Paoifio  there  is  the  same  systenit  modified  nuunly 
by  thi8,  that  the  connecticm  with  the  polar  regions  is  only  through 
the  narrow  and  sliallow  Beliring  Strait.s.  Tliere  is  a  current  an- 
swering to  the  "Gulf  Stream"  oti' Japan,  and  another  corresponding 
to  the  "  Labrador  current"  along  the  whole  length  of  tlie  Asiatic 
coast,  perceptible  by  the  temperature  if  not  by  the  movement. 

In  the  South  Pacific  there  are  traces  of  a  **  Gulf  Stream"— that  is, 
of  an  outward-bound  tropical  current — off  Australia^  notioed  by 
Captain  Wilkes.  The  inward  extratropical  current,  chilled  by  ito 
southern  course,  is  a  very  important  one  to  western  South  Ame- 
rica, as  it  carries  cool  waters  quite  to  the  equator. 

In  tlip  Indian  Ocean  the  system  exists,  but  with  a  modification 
depending  on  the  fact  that  the  ocean  has  no  extended  northern 
area.  The  outward  tropieal  ourf^t  is  peroeiTed  off  southeast- 
ern Africa. 

The  Burfaoe-currents  of  the  ocean  are  more  or  less  modified  by 
changes  in  the  winds.  On  this  and  on  other  related  topics  barely 
glanced  at  in  this  brief  review  the  reader  may  refer  to  treatises  on 

Meteorology  or  Physical  Geography. 

44.  (2.)  Oceanic  temperature. — Tlie  movement  of  the  oceanic 
currents  tends  to  distribute  tropical  heat  towards  the  poles,  and 
polar  cold,  in  a  less  degree,  towards  tiie  tropics ;  and  hence  the 
courses  of  the  currents  modify  widely  the  distribution  of  oceanic 
heat.  The  chart  at  the  close  of  this  volume  contains  a  series  of 
oceanic  isotliprmal  linos  drawn  through  ])laces  of  equal  cold  for 
the  eoldt'st  month  of  the  year.  The  line  of  G8°  F.,  for  example, 
passes  through  points  in  which  the  mean  temperature  of  the  water 
in  the  coldest  month  of  the  year  is  OS"  F. ;  so  with  the  line  of  02^, 
50*,  Ac.*  All  of  the  chart  between  the  lines  of  68^  north  and  south 
of  the  equator,  is  called  the  Turid  Zone  of  the  ocean's  waters ;  the 
region  between  68*'and  35°,  the  Temperate  Zone,  and  that  beyond  85', 
the  Frifliff  Zone.  The  line  of  08"  is  tliat  limiting  the  coral-reef  seas 
of  the  globe,  so  that  the  coral-reef  seas  and  Torrid  Zone  thus  have 
the  same  limits. 

The  regioDB  between  the  succeaaive  linea,  as  80°  and  80°,  80°  and  74°,  Ti®  and 
68",  68"  tmA  62°,  62°  and  56°,  56°  and  50°,  and  ao  on,  have  apecial  namea  on 
tlM  ohart.  TiMy  are  as  follow 


*  As  the  linos  sr»  lines  of  equal  oxtremo  oold,  inatead  of  heat,  moh  a  chart 
ii  DSBMd  an  itoergwuti  ohart  (fkon  mg,  ofiis^  aad  ft/Ht  txtrm*  ooM). 
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1.  ToRBio  ZOXK. — Super-torrid,  torrid,  and  sub-torrid  regions. 

2.  TsvpimATB  Zoxc— Wum-tanperBte,  temperftt^  inb-tempenta,  oold-ttm- 

perato.  and  sab-frigid  Ngiou. 

3.  Fricip  Zoke. 

Tbejr  are  eonvenient  with  reference  to  the  geographical  distribution  of  oceanic 
animals. 

Since  the  tropical  (the  westwarti)  currents  are  wurm,  and  the 
extratropical  (the  eastward)  nece^i^arily  cold,  the  elliptical  inter- 
play explained  matt  CMiy  tihe  aaom  waten  away  from  the  equator 
on  the  wai  side  of  the  oceans,  and  the  eold  waters  towards  the 
equator  on  the  eatt  side.  The  distribution  of  temperature  thus 
indicates  the  currentB.  In  eaoh  Optical  circuit,  therefore,  the 
line  of  08°  F.  sliould  be  an  oblique  diagonal  line  to  tlio  ellipse : 
and  thu8  it  is  in  tlie  North  Athuitie.  the  iSouth  Atlantic,  the 
Korth  Pacific,  the  South  Pacific  (though  less  distinctly  here,  as  the 
Ocean  is  so  broad),  and  the  Indian  Ocean.  The  torrid-temperature 
semes  are  very  narrow  to  the  eastward  and  broad  to  the  westward. 
The  temperate  tones  press  towards  the  equator  against  western 
Africa  and  Europe*  and  western  America.  On  the  South  American 
coast  this  is  so  marked  that  a  tropical  temperature  doos  not 
touch  the  whole  coast,  except  near  the  equator,  and  dovs  n<^t  ev«'n 
reach  the  (talaj'aju'Ds  under  the  e(juator  off  the  coiu>t,  as  sliown  by 
the  course  ot  the  isothermal  line  of  08°.  So  in  the  South  Atlantic 
the  colder  waters  extend  north  to  within  six  degrees  of  the  equator, 
where  the  line  of  68*  leaves  the  African  coast.  The  continuation 
of  the  Gulf  Stream  up  between  Norway  and  Iceland  is  shown  by 
the  great  loops  in  the  lines  of  44°  and  35".  The  etfect  of  the 
Labrador  or  polar  current  in  cooling  tl»e  waters  on  the  roast  of 
America  is  also  well  exhihittnl  in  the  bending  southwar<l  near  the 
coast  of  all  tlie  lines  from  08°  to  ^5°.  The  polar  current  is  even  more 
strongly  marked  in  the  same  way 

on  the  Asiatic  coast.  The  lines    ^  IIIIL—q 

from  74°  to  35°  have  long  flexures 

southward  ac^oining  the  coast,  and 
the  line  of  68°  comes  down  to  within 
15  degrees  of  the  ecjuator.  These 
waters  pass  southward  mostly  as  a 
submarine  current,  and  are  felt  in 
the  East  Indies,  making  a  south- 
ward bend  in  the  heat-equator. 

In  figure  31  the  elliptioal  line  (A'B'  A  B)  representfl  the  course  of  the  current 
fti  sa  oMsa  toath  of  tha  aqaator  (B  Q).  If  n«w  Um  movanant  in  tha  alrenli 
wan  aqaabli^  aa  liothemal  Unc^  sf  that  af  68^,  woold  aztaad  obllqaaly  aoraai, 
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as  R  n;  it  would  bo  thrown  south  on  the  wcBt  «ido  of  the  ocean  by  the  warmth 
of  the  torrid  lonc,  and  north  on  the  cast  side  by  tho  cooIinK  influonec  derived 
from  its  flow  in  the  cold-temperuto  «one.  But  if  the  current,  instead  of  being 
•quabla  Ummghoat  the  mm,  wen  mshily  apparent  near  the  eontinenta  (aa  if 
aetaally  tha  fact),  then  tho  isothermal  lino  should  take  a  long  bend  near  the 
coasts,  as  in  the  line  \'  r'  r  r  r  r  A,  or  a  shorter  bend  A' «  according  (<>  the 
nature  uf  tbo  current.  Thia  form  of  the  isothermal  line  of  6ti°  on  the  chart, 
hMiM^  indioatna  tbo  existanM  of  tho  oinnit  aovMmnliB  thoooona,  and  aloo 
■ono  of  itt  ohnmotoriitios.* 

45.  The  following  are  some  of  the  use*  of  this  sulgect  to  the 

geologist : — 

1.  A  wide  dif?er<-nce  ifl  noted  between  the  water-temperatures  of 
tho  opposite  sides  of  an  ocean.  The  regions  named  temprrafr  and 
mib-lcmpcratc  occiijn'  most  of  tho  Mcditi'rninean  Sea,  and  the 
Spanish  and  part  of  the  African  coast,  on  the  European  side,  and 
yet  haye  no  existence  on  the  Amerioan,  owing  to  the  meeting  at 
Gape  Hatteraa  of  the  cold  northern  waters  with  the  warm  southern. 
Compare  also  other  oceans  and  coasts  on  the  map. 

2.  Consequently,  the  marine  produotitms  of  coasts  or  seas  in  the 
same  latitudes  differ  wi<lely.  Corals  prow  at  the  Bermudas  in  34" 
N..  whore  the  warmth  dT  the  (Julf  Stream  rt-arhes.  and.  at  tlic  .same 
time,  are  excluded  from  the  Galapagos  under  tiie  equator.  Other 
examples  of  the  same  principle  are  obvious  on  the  chart. 

8.  The  wai  side  of  an  ocean  (as  in  the  northern  hemisphere) 
feels  most  the  cold  northerly  currents  when  the  continent  extends 
into  the  polar  latitudes  ;  but  the  east  side  (as  in  the  southern  hemi« 
sphere),  if  tlie  continent  .stops  short  of  those  latitudes.  Tliere  is 
heiiee  in  tlio  i>res«  iit  age  a  striking  difference  between  the  northern 
and  southern  hemispheres. 

4.  Changes  of  level  in  Uie  landsof  the  i^obe  have  caused  chaagss 
of  climates  in  the  andent  world. 

5.  Knowing  the  temperature  limiting  the  coral-reefs  of  the  pre* 
sent  era,  or  any  species  of  plants  or  animals,  the  geologist  has  a 
gauge  for  comparing  the  present  distribution  of  temperature  and 
life  with  the  past. 

5.  ATMOSPHERIC  CTTRRENTS  AND  TEMPERATDRE. 

40.  General  System. — The  system  of  atmosplieric  movement  has 
a  general  parallelism  with  that  of  the  ocean.  In  tlu*  tropics  the 
flow  is/rom  (he  msf,  constituting  what  arc  called  the  (radr.s;  in  high- 
temperate  latitudes  it  is  from  the  west ;  and  the  two  pass  into  one 


*  8oo  paper  by  tlw  snthor,  in  Amor.  Jonr.  Set.  [8]  xxvi.  SSI. 
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another  in  mutual  interpluy.  Bi?tween  these  is,  in  mid-ocean,  a 
region  of  calms.  Tfatt  eztratropical  wmds  also  in  part  pass  on  to 
the  poles,  to  retarn,  as  northeast,  north,  and  northwest  winds, 
towards  the  equator. 

The  eaase  of  the  motion  is  not  now  eonrideiwl,  ai  it  ia  here  in  plaoe  only 

to  present  in  a  comprehensive  maonw  the  rarth'i  exterior  features.  Tbe 
caases  vnryinp  the  direction's  con?i!>t  in — fl)  tbi-  tompernturp  of  the  Inml  nnd 
ocean;  (2)  tbo  form  of  the  lund  (tuountjiiuit  being  bttrricrs  to  a  flow,  retarding 
bgr  fHetloB,  «to.)  t  (S)  difieranee  of  dsnd^  of  oold  sad  wana  air;  (4)  olianging 
feuoDs,  etc.  But  thkM  WNUOM  of  distatbsaoo  oalj  modify  withovt  sai^ead- 
isf  tbe  ejitem  of  aioTeakeat. 

47.  dimnte. — GUmate  is  determined  by  the  atmospheric  and 
oceanic  moTements  and  the  distribution  of  land  and  water.  The 
ezistint;  system  may  h<-  })i-i*-fiy  explained,  in  order  to  complete  this 
survey  of  the  earth's  j)hy>i(»graj)hy. 

1.  The  land  takes  up  heat  rapidly  in  summer,  and,  in  the  north, 
beoomes  firoaen  and  snow-clad  in  winter.  Land-winds  may,  conse- 
^ntly,  be  intensely  hot  or  intensely  eold ;  and  hence  lands  have 
a  tendency  to  produce  extremes  of  climate. 

A  plaoe  oa  tbe  oontinentB  haring  a  neoa  Jaauafy  temperatiira  of  60^  (a  very 
wum  tempentnre  for  thai  seaeon)  is  to  be  found  only  in  warn  latitudes,  and 

one  with  a  moan  July  tctnporaturo  of  50"  (a  cdM  temperature  fur  the  ^t-nson) 
onlj  in  the  colder  xonea  of  tbe  globe.  Tbe  meau  January  temperature  of  Now 
Torlt  Is  F.,  while  the  mean  July  temperature  is  73*.  Nov,  ia  North  Ame- 
liee  the  January  isotbennal  Ibie  of  IMP  almost  tonehes  the  Gulf  of  Mexioo,  ead 
the  Jalj  line  of  50°  passes  near  the  mouth  of  Maokessie  River,  or  the  aretie 
circle. — the  cxtreino  winters  nnd  intense  summers  causinf;  this  great  chnntre. 
In  Aaia,  again,  the  January  line  of  50°  runs  just  north  of  Canton,  near  20'^  N., 
sad  tbe  Jaly  line  of  tovebes  tbe  Aretie  Ck)ean  at  tbe  month  of  the  Lena*  ia 
71**  X..  makintc  a  diflercnce  of  46" of  latltttdo^  or  Bearij  8000  miles,  as  the  elhet 
ef  the  land  on  the  climate. 

2.  The  waters  of  the  oceans  remain  unfiosen  even  &r  into  the 

Arctic,  unless  crowded  witli  lands,  their  perpetual  movements  tend- 
ing to  pro<luce  a  uniformity  of  temperature  over  the  gloV)e ;  and 
hence  winds  from  the  oceans  or  atiy  larjze  body  of  \vat<'r  are 
moderating,  and  never  very  cold.  They  produce  what  is  called  an 
miK&r  climate. 

Oreat  Britain  is  tempered  in  its  climate  by  its  winds  and  the  ooeanio  enrrent 
(tbe  Oolf  Stteam).  Fnegia,  wbieh  is  almost  snrroanded  by  water,  also  bas  aa 
ia«aUr  elimate,— the  wiater's  ooM  iblUng  Uttlo  below  W*,  oltbongb  below  M" 

8.  latitude. 

3.  Absence  of  land  from  high  latitudes  is  equivalent  to  nn 
absence  of  the  source  of  extreme  oold;  and  from  tropical  lati- 
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tudes,  thftt  of  extreme  heat;  and  the  einking  of  all  lands  would 
dimmish  g^tlyhoth  extremes.  But  sinking  high-latitude  lands 

also  diminishes  the  extreme  of  hoat,  ^ince  the  lands  become  very 
much  heated  in  summer,  and  this  heat  i.s  diffused  by  the  winds. 
Fuejria,  on  this  prineiph'.  has  n  suljiilpine  climate  with  alpine  ve^re- 
tntion  ;  and  Britain  miglit  approxiiiKito  to  the  same  condition  if 
the  Gulf  Stream  could  be  diverted  into  another  ocean. 

The  mean  temperature  of  the  Northern  hemisphere  is  stated  by 
DoYO  at  60**  F.,  and  of  the  Southern  at  56"  F..  while  the  extremes 
for  the  glob«,  taking  the  annual  means,  are  80°  F.  and  zero.  If  there 
were  no  land,  the  mean  temperature,  would  probably  b<>  but  little 
above  what  it  is  now,  or  not  far  from  60°  for  the  whole  globe. 

6.  DISTRIBUTION  OF  FOREST  REGIONS,  PRAIRIES,  AND 

4^.  The  laws  of  the  winds  are  the  basis  of  the  distribution  of 
sterility  and  fertility. 

1.  The  warm  tropical  winds,  or  trades,  are  moist  winds  ;  and, 
blowing  against  c<H)h'r  land,  or  me«'ting  <  oolcr  currents  of  air,  they 
drop  the  moisture  in  rain  or  snow.  Consecjuently,  the  side  of  the 
continents  or  of  an  island  struck  by  them-^that  is,  the  eastern — 
is  the  moister  side. 

2.  The  cool  extratropical  winds  from  the  westward  and  high 
latitudes  are  only  moderately  moist  (for  the  capacity  for  moisture 
depends  on  the  temperature) :  blowing  against  a  coast,  an<l  bending 
towards  the  equator,  they  become  warmer,  atid  continui-  to  tak**  u]» 
more  moisture  as  they  lieat  up;  and  hence  they  are  dri/iitij  whuXs. 
Ck)n8equently,  the  side  of  a  continent  .struck  by  these  westerly  cur- 
rents— ^that     the  wetUm — w  the  drier  side. 

There  is,  therefore,  double  reason  for  the  difference  in  moisture 
between  the  opi>osite  sides  of  a  continent. 

Consequently,  the  annual  amount  of  rain  fisUing  in  tropical 
South  America  i«  lift  inclies,  while  on  tlio  opposite  side  of  the 
Atlantic  it  is  70  inches.  In  the  tem]»erate  zone  of  the  United 
States  cast  of  tlie  Mississipjii,  the  average  fall  is  alK)ut  44  inches; 
in  Europe,  only  32.  America  is  hence,  as  styled  by  Professor 
Guyot,  the  Forest  Continent;  and  where  the  mdsture  is  not  quite 
sufficient  for  forests,  die  has  her  great  pnuries  or  pampas. 

The  particular  latitudes  of  western  coasts  most  affected  by  the 
drj'ing  westerly  winds — those  between  28°  and  32** — are  generally 
excessively  arid,  and  sometimes  true  deserts.  (W.  (*.  Redfield,  in 
Amer.  Jour.  Sci.  xxv.  139,  1834,  and  xxxiii.  261,  1838.) 
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The  desert  of  Atftoama,  between  Chili  ftnd  Pern,  the  semi-deBMrt 
of  GaUforal*,  the  desert  of  Sahara,  and  the  arid  plains  of  Australia 
lie  in  these  latitudes.   The  aridity  on  the  North  American  coast  is 

f.'lt  oven  boyonfi  Oregon  through  half  the  year.  The  snowy  peak 
of  Mr. nil t  St.  Helen's,  10,(MH)  feet  higli,  in  hititude  43°.  stands  for 
wxikj-  togi'tlier  without  a  rloiul.  The  region  of  the  Sacramento 
had  rain  ordinarily  only  during  three  or  four  months  of  the  year. 

As  the  first  high  lands  struck  by  moist  winds  usually  take  away  the 
moisture,  these  winds  afterwards  have  little  or  none  for  the  lands 
beyond.  Here  is  the  second  great  source  of  desert-regions.  For 
this  reason,  the  re^^on  of  the  eastern  Bocky  Mountain  slope,  and 
the  8timTnit>!  of  these  mountains,  are  dry  and  barren  ;  and,  on  the 
same  prin(i {>](>.  an  island  like  Hawaii  has  its  wet  side  and  its 
excessively  dry  side. 

Under  the  influence  of  the  two  causes,  Sahara  is  continued  in  an 
srid  country  across  from  Africa,  over  Arabia  and  Pwria,  to  Mon- 
golia or  the  Desert  of  GoU,  in  central  Asia. 

It  is  well  for  America  that  her  great  mountain.s  stand  in  the  far 
we«t,  instead  of  on  her  eastern  borders  to  intercept  the  atmospheric 
moi-ituro  and  jtovir  it  immediately  back  into  the  ocean.  The  waters 
of  the  great  Gulf  of  Mexico  (which  has  almost  the  area  of  the 
United  States  east  of  the  Mis^is^fippi),  and  those  of  the  Mediterra- 
nean, are  a  provision  against  drought  for  the  continents  ac^oining. 
It  is  bad  for  Africa  that  her  loftiest  mountains  are  on  her  eastern 
border. 

It  is  thu!^  seen  that  prairies,  forest-region«,  and  deserts  are 
located  by  the  winds  and  temperature  in  connection  with  the 
general  configuration  of  the  land. 

49.  The  movements  of  the  atmosphere  and  ocean's  waters,  and 
die  surfoce«rrangements  of  heat  and  cold,  drought  and  moisture, 
iand-plains  and  verdure,  have  a  comprehensive  dispomng  cause  in 
the  simple  rotatien  ^ the  earth.  Besides  giving  an  east  and  w  est  to 
the  globe,  and  zones  from  the  poles  to  the  equator,  this  rotation 
has  made  an  east  and  west  to  the  atmospheric  and  oceanic  move- 
ments, and  thence  to  the  continents,  causing  the  eastern  borders  of 
the  oceans  and  land  to  difll;r  in  various  ways  from  the  western, 
snd  prodndng  corresponding  peculiarities  over  their  broad  surfltuM. 
The  continents,  though  In  nearly  the  same  latitudes  on  the  same 
sphere,  have  thence  derived  many  of  those  diverritiee  of  climate  and 
surface  which,  through  all  epochs  to  the  present,  have  impressed 
on  each  an  individual  character. — an  individuality  apj>arent  even 
in  its  plants  and  animals.  The  stu<ly  of  the  existing  Fauna  and 
Flora  of  the  earth  brings  out  this  distinctive  character  of  each 
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witli  tJi'''at  force;  but  tho  n-view  of  geological  history  makes  it  still 
more  evident,  by  exhibiting  the  truth  in  u  continued  succession  of 
feunas  and  floras,  giving  this  individuality  a  Iiistory  looking  buck 
to  "the  beginning." 

The  great  troth  is  taught  by  the  air  and  waters,  as  well  as  the 
lands,  that  the  diver.sity  About  US,  which  seems  endless  und  without 
order,  is  an  exhibition  of  perfect  system  under  law.  If  tlie  earth 
hns  it<  barren  ire-fi»'lds  about  the  poles,  and  its  deserts,  no  less 
barren,  to\vard>  tlio  t  «|uator.  they  are  not  accidents  in  the  making, 
but  resultji  involved  in  the  scheme  from  its  very  foundation. 


1.4  k. 
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LITHOLOGICAL  GEOLOGY. 


90.  LiTHOLOoiCAi.  Omloot  treats  of  the  materials  in  the  earth's 
structure :  firtl^  their  comtitit^ion;  aecondly,  their  arrangemeni  or  condition. 

The  earth's  interior  is  open  to  direct  investigati<m  to  a  depth  of 
only  fifteen  or  sixteen  miles;  and  hence  the  science  is  confined  to 
a  thin  cru-t  <'f  tlic  sphere,  sLxteeii  miles  beiug  but  oue-five-hun> 
dredlh  of  the  earth's  diameter. 

I.  CONSTITUTION  OF  BOCKS. 

5L  BcKdca. — rock  is  any  bed,  Uyer,  or  mass  of  the  material  of 

the  earth's  crust.  The  term,  in  common  language,  is  restricted  to 
theoonsoHdated  material.  lUit  in  (h  ol<>n:y  it  is  often  appli<Ml  to  all 
kinds,  whether  solid  or  uncompa(  t«'<l  i-aith,  so  as  to  include, 
besides  granite?,  limestone,  conglomerates,  sandstone,  clay -slates, 
and  the  like  solid  rocks,  gravel-beds,  clay-beds,  alluvium,  and  any 
loose  deposits,  whenever  arranged  in  regukw  hiyers  or  strata  as 
a  result  of  natmral  causes. 

The  constituents  of  rocks  are  minerab.  But  these  mineral  con- 
stituents may  be  either  of  mineral  or  on/nnic  ori^rin. 

(I.)  The  material  of  organic  oriffin  is  that  derived  from  the  remains 
of  pLmts  or  animals.  This  is  the  fact  with  the  mass  of  nearly  all 
the  great  limestone  formations ;  for  the  substance  of  the  rock  was 
made  from  shells,  corals,  or  crinoids,  triturated  into  a  calcareous 
«erth  by  the  sea,  and  afterwards  consolidated,  just  as  corals  are 
now  ground  up  and  worked  into  great  coral  reef-rocks  in  the  West 
Indies  and  Pacific.  In  other  cases  only  a  small  part  of  a  rock  is 
orcanic.  the  rest  being  of  mineral  origin.  Surh  rocks  usually  oon- 
tiiiii  distinct  remains  of  the  shells  or  corals  that  have  contributed 
to  their  formation  :  these  relics,  whether  of  plants  or  animals,  are 
called  foMiU,  and  the  rocks  are  said  to  be /ossUiJerous. 

(2.)  The  material  of  mtiwra/  origin  indudes  all  that  is  not  directly 
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of  organic  origin, — nil  tho  sand,  day,  gravel,  etc.,  derivo<l  from  the 
trituration  or  wear  of  other  rocks,  or  the  mat('rial  from  chemical 
dejtosition,  like  some  limestones,  or  from  volcanic  action,  like  lavas 
and  tra])  or  basalt. 

But,  whether  organic  or  mineral  in  origin,  the  material  when  in 
the  rock,  though  Bometimes  under  the  form  of  foesils,  is  almost 
solely  in  die  nuiuni/ condition.  The  topics  tot  consideration  in 
connection  with  thb  suhjeet  are,  then,  as  foUow  :— 

1.  The  elements  constitutiiiir  locks. 

2.  The  mineral  material  constituting  lOcks. 

3.  The  kinds  of  rocks. 

1.  ELEMENTS  CONSTITUTING  ROCKS. 

52.  General  conaiderations. — In  the  foundation-strocture  of  the 
globe  firmness  and  durability  are  necessarily  prime  qualities, 
while  in  living  structures  instability  and  unoearing  change  are 

as  marked  characteristics. 

These  <{h:mf  (jualitii'sof  (lio  orfranio  and  inorganic  world  proceed 
partly  from  the  intrinsic  i|ual!ti<s  of  tiie  elements  concerned  in  each. 

In  the  inorpini<-  kingdom, — 

(1.)  The  elements  which  combine  with  oxygen  to  become  the 
essential  ingredients  of  rocks  are  mainly  hard  and  reflractory  sub- 
stances: as,  for  example,  tiSeon,  the  baRis  of  quarts;  oAimmttmi,  the 

basis  of  clay  ;  viayncsiumf  tiie  basis  <if  ninirnesia. 

(2.)  Or,  if  unstable  or  combustible  «  l('ment8,  they  are  put  into 
8tabl»;  conditions  by  combination  with  oxypen.  Thus,  carbon, 
which  we  handle  and  burn  in  charcoal,  becomes  l>urn(  carbon  (that 
is,  carbon  combined  with  oxygen,  forming  carbonic  acid)  before  it 
enters  into  the  constitution  of  rocks.  So  all  minerals  are  made  of 
burnt  compounds,— called  hwrnt  because  ordinary  combustion  consists 
in  union  with  oxygen  and  the  production  of  stable  oxyds.  They 
are  then  fore  dead  or  inert  in  ordinary  circumstances,  and  hence 
fit  for  lirml  nature.  The  nit-tals  jvitanfthnn  and  snd'/ion  burn  if  put  in 
contact  witli  wat<  r.  and  become  oxyds.  They  arc  made  into  these 
stable  oxyds,  potash  and  soda,  before  entering  as  ingredients  into 
rocks.  QUdum  also  becomes  lime,— one  of  the  most  refractory  of 
substances;  and  nu^fnmtm  magnesia,— even  more  refractory  than 
lime.  JS^Beon  unites  with  its  fiill  allowance  of  oxygf^n  in  order  to 
form  quarts,  the  most  abundant  comjiound  in  the  mineral  kingdom 
and  the  lea.st  liable  to  chanjie.  Afondnhim  combines  with  a  satu- 
rating «juantity  of  oxypen  to  form  alumiiia.  the  constitueiit  of  sajv 
phire  anil  emery,  the  characterizing  ingredient  of  clay,  and  hardly 
less  universal  than  quartz. 
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In  org;inic  nntuif.  on  the  cfmtraiy, — 

(l.j  The  osiseniial  element  are  combustible  substances,  an<l  mostly 
gases,— oxygen  combined  with  carbon  and  hydrogen  forming  plants, 
and  oxygen  with  carbon,  hydrogen,  and  nitrogen  forming  animal 
sobstances. 

(2.)  The  elements  in  living  beings,  moreover,  are  not  saturatofi 
with  oxypen:  they  nvf  thnt  foic  in  an  unstable  and  eonstraiin-d 
condition.  Both  IVoni  tht  ir  natiiit'  and  their  pceidiar  eondition, 
they  liavc  a  strong  tf-ndt  iu  v  to  take  o.\y;_'i-!i  fnun  thr  atniospht-nj 
with  which  thvy  are  bathed  or  penLtrat<'d,  and  combine  with 
it.  This  state  of  strong  attraction  for  oxyg<  n — for.  something 
not  in  the  structure  itself— is  the  source  of  activity  in  the  vital 
Innetions,  and  inv<*lv<s  uneeasing  change  as  the  means  of  existence 
and  growth,  and  a  final  dissolution  of  the  structure  at  the  cessa- 
tion of  life. 

Ib-neo  str«-ii.i:tli  anil  diuul'iiiiy  belong  to  the  baBemeat-iuatcrial 
of  iln'  glob«%  and  instability  to  living  struetur<''<. 

But  inorgunic  nature  is  Ktill  not  without  change.  For  there  are 
divenuties  of  attraction  among  the  elements  and  their  compounds. 
The  changes  are,  however,  slow,  and  not  essential  to  the  existence 
of  the  compoun<ls.  Tlie  proe<'s.ses  of  solution,  of  oxydation  and 
deoxydation,  and  other  chemical  interoetionfi,  changes  by  heat, 
and  other  moh'oular  and  mtchanieal  influences,  give  u  dc-irr.-f  of 
swtivity  t  v*  n  to  the  world  of  rocks.  But  this  topic  belougd  to  tim 
dynamics  and  chemistry  of  geology. 

53.  C9uunofeasiatlo  elmnenta.— The  elements  most  important  in 
rocks  are  the  following: — 

(1.)  Ox3^.— Oxygen  is  a  constituent  of  all  rocks,  and  composes 
shoot  one-half  by  weight  of  the  earth's  crust. 

(Ssad  If,  by  weight,  more  tbaa  bsif  oxygen ;  qnartt,  the  prinelpal  material 

of  Mind,  is  about  53  per  cent.  oxy;;on  ;  common  limestone,  48  per  cent. ; 
alamina.  nerirly  t"  {>or  cent.:  fcld-iiar,  l(">  to  50  per  cent.:  conuiinn  ehiv.  oD 
per  eenu :  and  thus  it  is  with  the  %'ariout)  uriiinary  rocks.  Besidci*,  tbo  utoiu- 
rphere  eontains  2S  per  oent  of  oxygen,  sad  water— the  material  of  the  oeeent, 
lakee,  sad  rivere  89  per  eeat. 

(2.)  JSSSeon. — ^After  oxygen,  silicon  is  the  element  next  in  abun- 
dance, constituting  at  least  a  fourth  of  the  earth's  cru.st.  It  is 
unknown  in  nature  in  the  ptue  state;  but  combined  with  oxygen, 
and  thus  forming  silica  or  quartz,  it  is  common  everywhere.  This 
silica  is  an  acid,  altlK>uj:h  tasteless;  and  it.n  combinations  with  alii- 
raina,  magnesia.  lini'\  and  otlier  bases  («'alled  .<i/ti'u(,'s).  along  with 
•{uartz,  are  the  principal  constituents  of  all  rocks  exce])t  tlie  lime- 
stones. Silica  constitutes  about  60  per  cent  of  these  ingredients; 
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and,  including  tiie  limestones,  50  per  cent,  of  all  rooks.  Silicon  has 
therefore  the  same  prominent  place  in  the  mineral  Idngdom  as 
oarbon  in  the  oiganio. 

Oraaitd  aad  gaviii  an  nesilj  thiM-fottrths  tiliov-lislf  of  h  m  pun  qiiarti» 
snd  the  rest  u  sUioateai  miea  tehiat  and  roolliig-slat«  are  abont  two-tliirda 

silicft;  trap  nmi  1nva.<«  are  one-half;  porphyry,  two-thirdaj  ItandflffaM  an 
aometimes  all  silica,  anil  usually  at  least  four-tifths. 

Silica  is  especially  adnptori  for  this  eminent  place  among  the 
aroliitectiiral  materials  of  the  globe  by  its  great  hardness,  its  inso- 
lubility and  resistance  to  chemical  and  atmosplieric  ajidits,  and 
its  iiifutiiljility.  Ah  it  withstands  better  than  other  common  mine- 
rals the  wear  of  the  waves  or  streams,  besides  being  very  abundant, 
it  is  the  prevailing  constituent  of  sands,  and  of  the  movable  mate- 
rial of  the  earth's  surface,  as  well  as  of  many  stratified  rocks ;  for 
the  other  ingredients  are  worn  out  by  the  quartz  under  the  con- 
stant trituration.  It  is  also  fitted  for  its  prominent  place  by  its 
readiness  in  forming  siliceous  compounds  utul  the  durability  of 
these  silicates.  Moreover,  although  inlusihle  and  insoluble,  many 
oxyds  enable  heat  to  melt  it  down  and  form  glass;  or,  if  but  a  trace 
of  alkali  be  contained  in  waters,  those  waters,  if  heated,  have  the 
power  of  dissolving  it;  and,  thus  dissolved,  it  may  be  spread 
widely,  either  to  enter  into  new  combinations,  or  to  fill  with  quartz 
fissures  and  cavities  among  the  rocks,  thereby  making  veins  and 
acting  as  a  <reneral  cement  and  solidifier. 

Its  ajjijlicaiions  in  world-making  are,  therefore,  exceedingly 
various.    In  all,  its  action  is  to  make  stable  an<l  solid. 

(3.)  ^/ummtwn.— Aluminium  is  a  white  metal,  between  tin  and 
iron  in  many  of  its  qualities,  but  as  lij^ht  as  chalk.  Combined  with 
oxygen  it  forms  alumina  (AlH)*),  the  basis  of  clay.  This  alumina 
is  the  gem  sapphire,  which  is  next  in  hardness  to  the  diamond, 
and  of  extreme  infusibility  and  insolubility.  Alumina  is  the  most 
common  Iwise  in  the  silicates,  tliereby  contributing  to  a  lar<;e  part 
of  all  siliceous  minerals,  and  therefore  of  all  rocks.  "With  tjuartz 
these  compounds  (aluminous  silicates)  make  granite,  gneiss,  mica 
schist,  syenite,  and  some  sandstones,  and  alone  they  form  porphyry 
and  other  igneous  rocks.  Nearly  all  the  rocks,  except  limestones^ 
and  some  sandston*  -,  are  literally  ore-beds  of  the  metal  aluminium. 

(4.)  Magnesium. — This  metal  combined  with  oxygen  forms  mag- 
nesia (Mg<)),  a  very  refractory  and  insoluble  base,  ])roducing  with 
silica  a  sories  of  durable  silicates,  very  widely  distributed:  some  are 
quito  hurd,  lis  hornblende  and  pyroxene;  others  arc  soft,  and  have 
a  greasy  feel,  like  talc,  soapstone,  and  serpentine. 
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Tnliko  alumina,  magnesia  unites  with  carbonic  acid,  forming  ear^ 

U'li'lttl  of  VUigMMU  (MgOjCX)*). 

Oddnm, — ^The  oxyd  of  the  metal  caleitim  k  oommon  quick- 
lime.  lake  magnetia,  it  enten  into  yarions  Bilicates ;  and  it  also 
forma  »  carbonate,  «ir6oi«a<^  ^ /uN«  (CM),00*),  and  this  carlMinatew 
the  material  of  limestones.  Moreover,  with  lulphuricaoid  and  water 

it  forms  sniphate  of  tini<\  or  gyp!»um. 

The  {•♦•(•uliar  position  of  lime  in  tlie  system  of  nature  is  tliat  of 
a  juediuni  between  the  organic  and  inorganic  world.  Carbonate  of 
lime  b  soluble  in  water  which  holda  a  little  carbonic  acid  in  sola* 
tion;  and  both  this  and  the  sulphate  are  found  in  river,  marine,  and 
well  waters.  It  is  made'  into  shells,  corals,  and  partly  into  bone 
animals,  and  th»  ii  turii'  «1  over  to  tlie  inorjL'anic  world  to  make 
rocks.  Lime  is,  therefore,  the  medium  by  which  organic  beings  aid 
in  t)ie  inorganic  progress  of  tlie  glolie,  jis  abov<'  state<l:  far  the 
gnuter  pait  of  limestones  liave  been  made  through  the  agency 
of  life,  eilhor  vegetable  or  animal. 

Lime  also  unites  with  phosphoric  acid,  forming  phospJuiie  of  liiMf 
the  essential  material  of  bone,  and  a  constituent  also  of  other 
animal  tissues.  Like  the  carbonate,  this  phosphate  is  afterwards 
contribate<l  to  the  rock*material  of  the  globe,  and  is  one  source 
of  mineral  phospliates. 

{ft.)  (7.)  J*<'f-K':.^iiiin  and  SiKlintit. — Potassium  is  the  juetallie  liase 
of  potash,  an<l  sodium  of  soda.  The  alkalies  potash  and  soda, 
besides  some  other  oxyds,  form  glass  or  fusible  compounds  with 
silica ;  and  this  fact  indicates  one  of  their  special  functions  in  the 
earth's  structure.  Silica,  alumina,  and  the  pure  silicates  of  alu- 
mimi  arc  (luite  infusible;  but  by  the  addition  of  the  alkali'  or 
the  oxy<ls  of  iron  or  lime,  fusible  compounds  arc  formeil.  An<l, 
as  the  earth's  early  history  was  one  of  universal  fusion,  the  alkalies 
performed  an  important  part  in  the  process,  as  they  have  since  in 
all  igneous  ojierations.  Feldspars,  which  are  found  in  all  igneous 
rocks,  are  silicates  of  alumina  with  potash,  soda,  or  lime.  A  heated 
solution  of  potash  or  soda  will  also  dissolve  silica,  and  so  aid  in 
distributing  quartz  or  niaking  silicates. 

•Sodium  is  likewise  the  basis  of  common  salt  in  sea-water. 

(S.)  Iron. —  Iron  combines  with  oxygen  and  forms  two  com- 
pounds, a  j»rotoxyd  FeO,  and  a  sesquioxyd  Fe'<  and  one  or  tlio 
Other  occurs  along  with  alumina,  magnesia,  or  lime  in  many  sili- 
cates, which  are  mostly  fusible,  ^lica  and  magnesia  or  lime  with 
protoxyd  of  iron  make  part  of  the  very  abundant  mineral  Aorn- 
Itade^  found  in  ^enite,  homblendio  date,  etc.;  and  also  the 
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equally  common  jji/roxcne,  charucterustic  of  th©  heavy,  dark-colored 
Iaviis. 

(9.)  Ckirbon, — Carbon  is  well  known  in  three  different  states, — that 
of  the  diamond,  the  hardciit  of  known  8ub:>tancos.  thut  of  graphite 
or  l»ljuk  load,  and  that  of  charcoal.  Combined  with  f>xyg»ii  it 
forms  carltonic  acid  ((.'<  )-) ;  and  carlx»nic  ju'id  conibin*  d  with  lime 
niak'  S  carlx inato  of  limo,  f)r  coniinon  liiiKv-tonc  ;  with  niai.'iu>>ia, 
carltoiiatc  of  nla<:Iu•^iia.  or  iiia^inoito ;  with  jjroto-xyd  ol"  iron,  car- 
bonate of  iron,  or  xjiathic  iron  ;  etc. 

Carbonic  acid  exi>tK  in  the  atmoftphere,  oonstitoting  ordinarily 
about  one  part  in  twonty*five  hundred  by  weight. 

I'liis  ucid  the  only  {i'.-i<l  in  the  uiiiicrul  kiugduiu,  iu  u<lditiun  tO  Silica,  which 
«iiten  very  largely  into  the  constitution  of  roeks;  and,  while  silica  hM  alnmiaa 
and  othor  M-.-oiuioxyil^  wholly  to  it.-iclf,  cnrbonio  ocid  sharcii  with  it  in  the  IB«g- 
lusia,  lime,  ami  iilkalie?,  thiit  i,«,  in  all  the  pmf <i.\y<l.H.  Cnrlxm,  wo  have  «ni<l, 
perloriuts  vm  fuuUuuicutal  a  imrl  in  living  naturo  its  silicon  iu  dvml  nuturv;  uud 
it  ii  mainly  through  living  beings  that  it  reaches  the  mineral  king«l(>ni  and  forms 
limestones  and  coal -bods.  The  deposits  of  carbonate  of  lime  that  have  been 
|innhicc<l  I'V  dirrcf  chemical  deposition  from  the  waters  of  the  (;Iol>e  are  small 
compared  with  tho.-^f  niailf  of  r  rtMnii'  rcinains  of  plants  or  animal.'^. 

The  ui'iie  clemeiitji  ubovo  mciitiutivd,  ojri/jeu,  ailivon,  nlvmiuinHt,  majnttitnUp 

wMiMtf  pottt»»iHnif  todinmt  iron,  and  mrboM,  are  the  prominent  constituents  of 
rocks,  making  up  077-10f)l)th.x  of  the  wliolc. 

(10.)  Si'h'hiir. — Sulphur  fxi>ts  ill  vulcanit"  and  yonio  other  rcjjions. 

In  cuwbinutiun  with  vuriuiu  minuraU  it  forms  oreii  called  »uijihureUf  ad  flul- 
pbaret  of  iron,  or  pyrites,  sulphnrot  of  copper,  eulpbarct  of  silvor.  Bat  tlwoe 
•ttlphnreta  do  not  constitute  properly  beds  of  rock;  although  one  of  th«n^ 
pyrites,  is  very  afnindant.  Suliihiir  forms  with  r.\yj:en  two  nci<l!»,  mlphuioh* 
acid  (SC),  and  iml^hHn'e  acid  (><>').  tSulphuric  acid  united  with  lime  mukcK 
sulphate  of  lime,  or  gypsum,  which  somotimc«  occurs  in  extensive  beds.  Thero 
are  also  many  other  sulphates,  but  none  as  true  rock-constituents. 

(11.)  IftftlnnjrH  with  oxy;^<>n  cuni>titutc8  water;  and  water,  bcHidcit  being 
abundant  o\*  r  the  t-nrth's  Miri  ice,  is  ii  coui'titui  nt  of  many  minerals,  tiypram 
contains  21  per  ccnU,  ^e^peutine  V.)  per  cent.,  tulc  6  per  cent. 

(12.)  CktoHne  with  sodium  forms  ehlorld  of  sodinm,  or  common  salt,  whieh  is 
found  in  large  1>ed.«.  as  well  n."  di.^^ulvcd  in  sea-water  and  brine-springs. 

(]."..  I  .V(7;fv/'ii  !■*  an  in^'redicnt  of  the  atmo-jihrro,^ — ninkinir  77  i<T((nt.  of  it. 
AVith  oxygen  it  forms  nitric  acid  {^iO') ;  but  uu  uilrutes  cuter  prominently  into 
the  structure  of  rocks. 

The  thirteen  elements  mojitioned  nro  all  that  occur  an  important 

roek-«'oii*^t itii.'iits.  Others  recpiire  attention  in  tli>eti<«in<T  toj.ios 
C«>niieele(l  wltli  cheiiiieal  geolo^'V.  ill  wliieh  depart  in.  Ill  the  |>ro- 
foundest  knowledge  of  chemistry  and  mineralogy  is  none  too  much. 
But  in  a  general  review  of  rocks  only  these  thirteen  need  be  con> 
sidered. 


Digitized  by  Google 


COiNSTITUENT  MlNKUALii  OF  ilOCKS. 


55 


2.  MINBBAIJ9  CONSTITUTINa  B0CK8.« 

1.  Quartz t  and  StHeatea  conUutUr^  alumina^  vUhtnU  water, 

54.  (l.j  Qt'AKTz. — Quurtz  is  the  first  in  importance.  It  occurs  in 
crystals,  like  figs.  32  and  33 ;  also  mosnve,  with  a  glu^ssy  histre. 
Hardness  too  great  to  he  scratched  with  a  knife ;  varies  in  color 
from  white  or  colorless  to  black,  and  in  trans- 

»         ^  *     ^  FiL'.  32.        Fitr.  .IS. 

parr^noy  from  transparont  quartz  to  opaque. 
It  has  no  rhavagcy — that  is,  it  bretiks  as  ea.sily 
in  on«'  (lircotion  as  another,  like  ghiss.  Be- 
fore the  blowpipe  it  is  iiifusihh  ,  unless  lieated 
with  soda,  when  it  fuses  easily  to  a  glass. 
Clear  kinds  are  called  fimpit/ quarts;  violet 
ciystals  are  the  amethyH;  compact  translucent, 
with  the  colors  in  bands  or  clouds,  a^/atr ;  or  without  bands  or  clouds, 
chalet  iloiiif ;  massive,  of  dark  and  dull  color,  with  tlio  edges  trans- 
lucent. ;  tlio  same  with  a  splintery  fracture,  fionisft.nr :  tlie  same 
m«>r<-  opiujue,  f'/fiian.vtnnr  or  haxanite :  the  same  of  a  ^lull  red,  yellow, 
or  brown  color,  and  opatjue,  jasper;  in  aggregated  grains,  sandstone 
or  ^tuartsUei  in  loose,  incoherent  grains,  (ndinary  sand. 

Silica  also  occurs  in  another  state,  constituting  o/w/,  a  well>known 
mineraL  In  this  state  it  is  easily  dissolved  in  a  heated  solutioi^of 
potash,  while  quartz  is  n<  >t  so  dissolved.  Opal  usually  contains  some 
water,  and  is  a  little  softer  than  quartz. 

5'>.  r2.)  Fei.dsj'ar. — I'.Mspar  i>  inxt  in  abundaneo  to  (|u:u-tz. 
('nd  T  this  n.;mc  s.'Vfral  •ip.'cics  ai.'  iiielnderl.  all  of  wliicli  contain 
silica  ;ind  alumina;  but  one  has,  in  addition,  potash,  and  is  a  pnUtsh' 
feltispar;  another,  ttoda^ — a  toda-fcldspar ;  another,  lime, — a  lirnf-fcld- 
tpar;  and  othen,  both  soda  and  potash,  or  soda  and  lime.  They 
are  all  similar  in  being  nearly  as  hard  as  quarts ;  in  having  a  lustre 
somewhat  like  quartz,  tliough  partly  pearly  on  smooth  fitces;  in 
general,  only  li^:ht  colors,  white  and  flesh-red  being  most  common ; 
also  a  bri»ad,  even,  lu-^trous  cleavage-surfaee,  with  a  second  cleavage 
nearly  or  (piite  at  rij.'ht  anjrles  willi  tlie  otlicr.  and  but  little  less 
p^rf«*ct.    Specific  «rravity,  between  2.4  and         lietore  the  blowpipe, 


*  Tlio  ordinary  chnractcrH  hy  which  miiiorals  jjr»'  'listiniriiisho<l  nro — n-lntive 
kartitifM,  as  Mcertainot  by  a  tile,  a  puint  uf  a  knilu,  <tr  b^-  ticratcbiii);  one  inine> 
fsl  Vhh  saother;  •pedjic  yraiHy,  or  rsUtive  weight;  Imtrt  sad  tohr;  rry*tal» 

Km  form  /  tUawagt  (ekavsgs  Msg  a  foeilitj  of  «lesviag  wt  bresking  ia  rame 

one  or  more  directions,  and  ufTordiag  «T6n, lustroai  surfoosa,  as  in  miea,ggp»im, 
Jtldtfmrii  J'mtUtHitjfj  ckemical  coayMWiWon. 
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melts  with  diffirulty.  Tho  lustrous  oloavnge-surface  serves  to 
distinguish  it  from  quartz  when  the  two  occur  together,  aa  in 
granite. 

In  the  feUlsparii  the  ratio  of  the  alnmina  to  the  protojcyd  hut*  (potaah,  aod^ 
or  lime)  in  uoifumly  1  :  1. 

«.  Okthoclasb,  or  p(»ta$h-/eld»par,  is  the  meat  eonimon,  and  ii  oflon  celled 
eommon  feldipar.  Oryatels  aa  in  the  annexed 

figures  (monoplinic).  The  two  clcavajri'- 
plane«  are  at  riyht  angltii  with  one  anutbcr. 
Colon,  uraaUj  white  or  fleah-red.  Compon- 
Iwa/  BflSea,  tiA,  alnniaa,  18^  ^potash,  19.8 
=  100.  Katio  of  the  potaah,  almniiia)  and 
•Uiea,  1:1:4. 

h.  Albite,  or  soda-feldspar,  m  also  oummon. 
Color,  geaerally  while,  wtmiee  the  name  (fh>m  the  Latin  oOat,  iOdu).  Orjitali^ 
triclinio ;  the  two  cleavage-planer  incline  to  one  another  at  the  angle  93"  36'. 
Plane  0  of  cry-tnl«  often  striated  in  only  ono  dirertion.    C'>tiijn>*ition :  Silica, 

08.7,  alamina,  19. j,  soda,  11.8.  Ratio  of  the  soda,  alamioa,  and  silica,  1:1:4. 
SeoM  alUtee  eontaia  a  little  potash,  and  aoiBe  oithoelaiei  a  little  eoda. 

e.  OuQOCUMMf  a  lime-and-M>da  feldspar.  Bewmhlee  albite  in  eiTetalUsation 
and  appearance.  Ratio  of  the  protnxydn  (lime  nnd  sndu).  alumina,  and  silica, 
1:1:3.  Andttim  is  another  limc-and-i<u(la  fcldiipar.  Ratio  of  tho  protozjda, 
alttmina,  and  silica,  1 : 1 :  2$.  They  are  distinguished  from  albite  with  diSool^ 
without  chemical  analjrciai 

rf.  Labhaooritk,  or  limc-feldepar.  Colorless  to  grayish  and  Rmoky  brown, 
and  Oflually  with  beautiful  internal  refleotions.  Crystallization  nearly  as  in 
albite.  Compoaition :  Silica,  b'6.1,  alumina,  30.1,  lime,  12.3,  soda,  4.5.  Ratio  of 
protozyd  baaei,  alnmina,  and  lilioa,  1 : 1 ;  2. 

«.  Ajiorthitk  is  another  litnc-feldspar,  but  of  leM  OOmmeB  occurrence,  being 
mostly  confined  to  certain  volc»i)i<*  roi  k-^.     ('■mifionlton  :  Pilif ^  43  j,  alnmin>| 

30.8,  lime,  20.0.    Ratio  ot  lime,  uluminu,  and  silicai,  1 : 1 :  1^. 

AnorAite  and  labradarit*  differ  from  tlw  other  fddapara  in  containing  pro» 
pertionally  leas  of  ailiea  and  being  deeompoeable  eaaily  by  adds. 

66,  (3.)  Mica. — lieadily  distinguished  by  its  splitting  fa.sily  into 
▼ery  thin  dastic  leaves  or  scales,— even  thinner  than  paper, — end  ito 
brilliant  lustre.  It  is  colorless  to  brown,  green,  reddish,  and  black. 
It  may  oocur  in  sbmII  scales, — as  common  in  granite  as  one  of  its 
constituente,— or  in  plates  a  yard  in  diameter. 


Aa  with  the  feldspars,  miea  is  a  silicate  of  alamina  and  different  bases  with 
mnmlly  seme  inotine,  and  ii  of  serenil  hinds,  which  difiMr  in  compositieB  and 

optical  characters  more  than  in  appearance.  Some  of  tho  varieties  twsembia 
talc  and  chlorite,  from  whic  h  tlu  v  differ  in  heinp  elastic  (unless  weatheredV 

a.  Mt'scoviTB,  or  common  mica,  is  a potaah-mica.  Its  crystals,  when  distinct, 
ave  oUiqae  prisms,  and  by  polarised  light  it  affords  two  sets  ef  ringi^  with  tha 
angle  between  the  two  axes       to         OmpotiHm:  BWm,  4B,  aloBiai^ 


Digitized  by  Google 


00N8TITUBIIT  MINX&ALS  OW  BOCKS. 


67 


36,  •e^quioxyd  of  iron  and  manganese.  &.0,  poUeh,  10,  fluorine,  1.0.  A  variety 
mIM  UfU^Ut  baa  oftea  a  violet  eolor  and  eontaiiis  lithla. 

IbFiMMOPiTK. — A  lamjueaia-mica.  Crytitals  right  prisnu»  rfaonbio  or  heza- 
ff>na!.  Colnr.  yt'!l<)wi-h-l>rt>wn  to  white,  often  a  little  like  cojjpor  in  its  reflections. 
By  polftrited  light,  biaxial,  with  thu  angle  between  the  axct<  1)°  U\  20°.  CuntainSy 
Mte  mISm,  tStmmSaM,  and  magneoa,  mom  potadi  and  oxyd  of  iron.  Jl^oiuid 
Hailkg  Bt'iiij'iiilfhio  Uaertonea. 

f.  BioTiTE.— A  mUf»9ttM  mica,  Uf'tinlly  cimtaining  much  oxyd  of  iron.  Crys- 
tal-i  ri;:lit  or  obliqao  prisms.  Color,  often  hluc-k,  and  greenijfh  Mack  ;  rarely 
white.  By  polarixed  light,  uearij  or  quite  uniaxial,  the  angle  between  the  axes, 
llH^ittiinctly  biaxial^  bat  V*  or  2^  CoBtaini,  boiidw  ellioa,  alumina,  and  mag • 
■life,  J^tlH^ii  0{:lK«a  and  aomo  potaah. 

*^|lt.8«-  Pig.  37. 


St.  (4.)  GAunr.— Ciyatala  uiiialljr  dodflealiedroni  (fig.  38,  imbedded  in  tlie 

Mck).  traprz'ihcilrons  87).  and  i'<iiii''innf  i  'ti-  "f  f  Iw^c  f<.nn?',  and  romnionly 
iml>e<i<Icd  in  gneiss,  mica  slate,  and  other  crystalline  rocks.  Color,  clear  wine  and 
eisiiaffion  red  to  reddish-brown  and  blaek;  rarely  green.  Hardnew  eqnal 
to  ttat  9S  qnarli^  and  ttMreforo  not  aetatohod  by  a  iKnifo.  Qt,  =  8.1-4.8,  the 
hMvior  Idada  eontainin^  much  iron.  Before  the  blowpipo,  flues  rather  easily. 
Compotition  :  Silica  and  alumina,  with  cither  lime,  mnp^ne.eia,  or  oxyds  of  inm. 
aad  sometimes  protoxyd  of  manganese  or  chromic  oxyd.  The  lime  variety 
(dnnamon-atono)  eontaini  siliea,  40.1,  alnminay  23.7,  limo^  S7.2.  But  some  oxyd 
of  iron  ia  gonerally  present ;  and  common  garnet  eontains  ailiea,  alumina, 
20.S.  protoxyd  of  iion»  48J.  The  r^o  of  protozyda,  perojcyda,  and  aiUoa  ia 
1:1:2. 

lleercMe  raembles  garnet  oletely  in  eoler,  oompodtion,  and  fluibility,  bat 
if  ■quico>prifmatie  in  ita  eryitala,  and  1»rownish  in  eolor  like  aomo  brown 
gmiai  and  tonrmaline. 

(5,)  Lp.rriTE. — In  traperohcdral  cry^taN  like  jrnrnct,  but  white  or  gray  and 
without  cleavage.  Hardness  nearly  that  of  feldspar.  G.  —  2.46-2.5.  Occurs 
in  TonTian  laTaa  in  oryatala  and  graina.  OomptmiHiom :  Siliea,  65.1,  alnmin% 
214,  potaak,  tlA, 

ft8w  (d.)  Braon. — Oiyatale  oblique  prisms  (monoclinic).  Also  oeoarring 
massive,  with  a  granular  or  columnar  structure.  Prevailing;  color,  a  peculiar 
yellowish  green,  but  varying  to  brown,  ash-gray,  and  white.  Hardness  6-7,  or 
ncoriy  that  of  qoarta.  O.  8^-8.5^  Comp^jiitkm :  Oonatitaanti^  lamo  oaaan- 
tiaHy  aa  in  garnet,  bat  ratio  3:2:3.  There  it  a  liaie  rariefy,  oontainlng  filiea, 

42.5.  alumina.  31.5.  lime.  26.0:  and  a /im'-  and-mm  Tuieljy  OOtttaining  tfliei^ 

51.6,  alumina,  19.5,  peipxyd  of  iron,  17.0,  lime,  24.0. 
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69.  (7.)  ScAPOLlTE. — Crystals  squaro  and  cight-Blded  prisms,  and  often  lurpe 
and  cleaving  imperfectly  parallel  to  tbo  sides  of  the  square  prism.  (Sec  li^'.  '.i><.) 
Color,  white,  gray,  or  greenish  gray,  and  looking  much  like  feldspar,  though 

Fig.  39. 

Fig.  .38. 


1, 


distinct  in  cry  stall  ixation  and  clf:iv.i<;c.  Iliiphicfi'  luit  little  Lelow  that  of 
feldspar.  G.  ■=  2.6-2.75.  Cowpoittioii :  Silica,  49.3,  uluuiina,  27.9,  lime,  22.S, 
but  u.inally  containing  some  soda. 

150.  (S.)  AsDAi-rsiTK. — Occurs  in  whitijih  or  prnyifh  priismatic  crystals, 
nearly  square  (angle  of  90°  U'),  and  often  having  the  interior  tctiK-lKitiMl  with 
black  (fig.  .TJ),  in  which  c»:«c  it  is  usually  called  mnrfc,  or  rhiaHfulite.  Hard- 
ness, if  pure,  greater  than  that  of  quartz.  G.  —  .3.1-3.2.  Before  the  blowpipe, 
infusible.    Compotiliou :  Silica,  .'57.0,  alumina,  Ci'A.f). 

01.  (9.)  STArROTinE. — In  rhombic  prir^ms  of  a  large  angle  (129*'  20'),  often 
having  the  acute  edges  removed  so  as  to  be  six-sided.  Often  in  crubsed  crystals 
(fig.  40),  whence  the  name,  from  the  Greek 


rrai<po(,  a  rrout.     Crystals   usually  thick 


Fig.  40. 


and  coarse,  sometimes  fine  lustrous.  Coli)r, 
brown  to  black.  A  little  harder  than 
({Uiirl/..  G.  —  3.5-3.7.'*.  Before  the  blow- 
pipe, infuf^iblc.  ComjMHidou  :  Silica,  29..3, 
aluuiinn.  a.'!.5.  pcroxyd  of  inm,  17.2. 

02.  (10.1  Kyamte,— In  flalteucd,  blnde- 
like,  rarely  thick  prisms,  l)1ades  often 
agprt  f^nted  into  masses.  Color,  sky-blue 
to  while.  ii.«ii:illy  deeper  blue  along  the 
middle.  Hardness  of  the  extremities  of  the  prisms  as  great  as  that  of  quarti. 
G.  —  .'i.5-3,7.  Before  the  blowpipe,  infusible.  Same  vompotilion  as  anda- 
lusite.  SiHtmnnite  is  similar  in  c>rnjHt»ilitnt,  but 
has  u  brownifih  to  grnyi.ob  culnr,  a  brillinnt  clenvnpe 
in  one  direction,  and  it  often  runs  into  fibrous  forms. 
G.  =  :t.2-:5.3. 

63.  (II.)  TocRMAi-i>R. — In  three,  six,  nine,  or 
twelve-sided  prisms  (tigs.  41,  42),  without  vertical 
cleuvuge,  and  when  black  a  little  pitch-like  in  the 
cross-fracture.  Color,  commonly  black  :  also  bnnvn; 
rarely  green,  and  pink  or  carmine-red.    .As  hard  a.>* 

quarte.  («.  2.9-3..3.  The  crystals  are  thick  or  coarse,  and  •)flcn  |)cnetratc 
quarts  (tig.  43)  in  lung  black  prisms  as  largo  as  si  guoso-quill ;  uUu  found  in  mica 
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fchiit  in  long  or  shnrt  prisms,  frequently  as  largo  as  the  finger,  or  larger,  and 
in  foapstone  in  black  or  brown  crystals,  long  or  short.    Before  Ibc  blowpipe 

Fig.  43. 


the  commfin  varieties  fuse  easily.  Compom'tfrni  peculiar  in  the  prescnec  of 
boracic  acid :  the  other  omstituenttt,  besides  silica  and  alumina,  ure  cniniiKinly 
tome  mognejiia.  nxyd  of  iron,  soda,  and  fluorine. 

64.  (12.)  Toi'AZ.— In  rhombic  prisms  (figs.  44.  4r»)  of  124"  T.)'.  havin;;  a  bnl- 
Hant  and  eaj»y  clcn^nge  parallel  to  tlie  ba!«e.  Sometimes  culitiiiiuir-mii.-'sive. 
Color,  pale  yellow,  white,  brown;  often  trHns|iurent.  Harder  than  i|iiait/.. 
Q.=  3.4-3.7.  Before  the  blowpi])U,  infu^ilJle.  Cumpuitiiinu  pei'uliar  in  the  lar-^e 
amount  of  fluorine  present :  eontuins — Silica,  '■il>.2~,  alumina.  .'»4.'>2.  thmrine,  17.1 1. 

Behyl. — In  regular  si.\-sided  prisms,  without  disliiKt  idea vairi-.  Color, 
oiually  pale  green  ;  in  the  emerald — a  variety  of  beryl — rk'e]i  and  idetir  gn-en  ; 
alao  yellowish,  bluish,  brownish,  white.  llardne.«.>  abi>vo  that  of  <|nar(/.. 
0.  =  2.65-2.75.  Infusible.  Composition  peculiar  in  containing  glucina.  Com- 
pontivn:  Silica,  60.9,  alumina,  ID.O,  glucina.  14.1  —  H>i). 

2.  Protoxyd-Silimtes,  not  roufaiuluf/  icafrr. 

6o.  ( lt3.  j  IIoHNBi.ENDF.  (nfton  callofl  .\Mriiiitoi.i:). — In  obliqui-  prism- 
atic crj'staU  (n»oiif>cliinc)  f>f  124°  30'',  with  clt'avii.L'o  piiralk-l  to  th<* 
faces:  often  having  the  acute  etlgos  tiiint'att'<l  s»>  as  to  Im'  si.x-sidinl 
and  appronr}i  a  repithir  hf*.xagonal  pi  isni.  Thi*  ciystals  otti'ii  long 
and  thin  1  fig.  48),  or  iiggrogated  into  imissrs,  or  }m  lu-tr.jtiiig  thf 
rock  (tig.  49);  sometimes  short  unci  stout  digs.  4G  ami  47).     t  'oI<tr, 


Fig.  46.       Fig.  47.  Fig.  4y. 


black  and  greenish-black,  common  either  in  distinct,  stout  ciy.'^tals, 
or  fibrous;  also  in  short  and  stout  green  crystals;  also  in  long 
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grocn  prisms  and  fibrous  masses,  when  it  is  called  actinoUie;  or  in 
grayish  and  brownish-green  fibrous  or  adcular  forms,  when  it  is 
called  anthophjfUUe;  also  in  long  white  prisms  and  fibrous  mniiaos, 

when  it  is  called  tranoliUs  also  in  short,  thick,  white  prisms,  called 
white  hornblcndr ;  also  in  very  delicately-fibrous  miMWCfl,  the  fibres 
flexible  like  flax,  when  it  is  called  ashrMu.^:  also  in  rock-niasses 
made  of  roarse  cleavable  grains.  Hardness  nearly  or  <jnit(!  that 
of  feldspar.  Ilornblcude  rocks,  very  tough.  Before  the  blo\vj>ipe, 
somewhat  ftislble.  Qm^potUun:  Silica,  with  magnesia,  lime,  prot- 
ozyd  of  iron  (and  sometimes  protozyd  of  manganese),  with  occap 
sionally  a  little  alumina.  A  Um^toiA-^magpMma  variety  contains — 
Silira,  00.7.  lime,  12.5,  magnesia,  26.8;  an  troa-and'imy^iuna  Tarie^— 
Silica.  SS.fi,  nmL'iiesia,  25.0,  protoxyd  <>f  iron,  15.5. 

(14.)  PvRoxEXE  (often  called  Aicitk). — In  obli<iue  prismatic  crys- 
tals (monoclinic)  of  87°  b\  an<l  therefore  nearly  square,  with  cleav- 
age parallel  to  the  faces,  often  having  all  four  edges  replaced  so  as 
to  make  an  eight«ided  prism.  In  colors,  hardnet<>s,  specific  gravity, 
and  composition,  like  hornblende.  Cleayable,  massive  kinds  of  a 
dingy  grayish-green  color  are  called  mhlUe.  In  j,. 
volcanic  rocks  the  cr>'stnls  are  black,  rather  ' 
small,  and  like  figs.  50  and  51  in  form  :  in  meta- 


a 


morphic  rocks  they  are  usually  grayish  green, 
and  often  large  and  coai*se.  In  serpentine  dial- 
It^  is  common,  and  with  labradorite  h^per' 
sthene  A<equently  occurs.  Before  the  blowpipe, 
like  hornblende;  some  foliated  varieties  infusible.  Composition: 
The  pale-green  varieties  contain — Silica,  55.7,  magnesia,  18.5,  lime^ 
25,8,  Others  of  dark -green  and  l)laek  colors,  Silica,  53.7,  magnesia, 
13,4,  lime.  24.0,  protoxyd  of  iron,  8.0;  or,  SUica,  48.6,  lime,  22.6, 
protoxyd  of  iron,  28.9, 

If  (Ailipfoliated,  the  brittle  folia  often  partly  separable,  called 
hjffuntheM  when  brownish  green  or  bronse-like,  and  ^Magt  when 
grass-green. 

(15.)  Cbetsouti. — ^In  small  grains  disseminated  through  basaltic 
rocks  and  many  lavas,  also  in  imbedded  masses  and  rectangidar 
cryst.ils.  Appearance  glassy,  and  often  dark  green  like  bottle-glass, 
(a  variety  called  o/iviite);  al.so  pale  green.  Hardnt  ss  nearly  that  of 
quartz.  G.  =  3.3-3.5.  Infusible,  excepting  some  kinds  contain- 
ing much  iron.  Qm^Mritkm:  essentially  a  silicate  of  magnesia,  or 
magnesia  and  iron;  a  common  kind  contains— ^tilica,  41,  magnesia, 
50,  protozyd  of  iron,  9. 

(16.)  Cho.vdboditk. — In  large  and  ammll  grains  or  maues  imbedded  usuallj 
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is  grennlar  limestone.  Color,  pale  jellow  and  brownish  yellow.  Brittle,  without 
cieavige  or  much  lustre,  llartlnes.*,  ns  with  iln\>oIitc.  (J.  ?,A  .'!.2I.  C»iii- 
fontitm:  nearly  like  chrysolite,  but  containing  tluurino:  bUica,  ii^,  luagDcais,  56, 
ftito^  of  inm,t,  iaoilB*^  8. 

66.  (17.)  TAJbC.— In  IbliAted  ma—cw;  folia  flexible,  bat  wt  eUwtio; 
•bo  oompftct-iiiM8tre»  verj  toft,  and  having  a  greasy  feel,  either 
gnmular,  or  Tety  compact  without  any  ni)|MMr;in(  r  of  p:rains,  when 
it  i-<  ( allod  soapstone  or  steatite.  G.  =  2.5-2.8.  Before  tlie  blowpipe, 
infusible.  Com}K>/if',nn :  a  silicate  of  magnesia;  Silica,  G2.12,  mag- 
nesia, ;{2.94,  water,  4.'J4. 

(18.)  ScRPEifTiMK. — Usually  majisive,  without  cleavage  or  any  gru- 
ttiUar  texture,  and  soft  enou^  to  be  scratched  easily  by  a  knife. 
Sometimes  thin-foliated,  with  the  folia  brittle ;  also  delicately  fibrous, 
sod  then  often  called  arrdanthus  and  chrysotile.  Sometimes  in  rectan- 
gular and  rhombic  prisms.  Color,  dark  to  light  groon.  Bi  fort'  the 
blowpipe,  fuses  with  difficulty  on  thin  odgcs.  G.  =  2J2-2.G.  Con^ 
position:  Silica,  43.0,  magnosia,  4'5. 1,  water,  I.'kO. 

(19.)  CuLORiTE. — Thill  micaceous,  like  mica,  but  folia  7u><  elastic, 
•nd  color  oliye-green,  rarely  whitish.  Commonly  nia.ssive,  with  a 
fine  granular  texture,  and  of  massive  varieties.  Quite  soft,  so  as  to 
be  cut  easily  with  a  knife.  G.  =  2.7-3.  Before  the  blowpipe, 
more  or  less  fusible.  Composition:  Silica,  27. 'J,  alumina,  23.1, 
mafrnesia,  13.5,  protoxyd  of  iron,  24.2,  water.  12.1.  This  mineral 
contain-*  alumina,  like  tli«i>-<'  of  the  followin;^'  subdivision  ;  but  its 
luugiu-.-^ia  gives  it  it^i  churucter,  and  it  is  u^juully  associated  with 
other  magnesian  rocks. 

lUnochlore  and  ripidoUtc  are  names  of  other  chlorites.  (See  author's  Mine- 
fllogy.) 

4.  Alumina-Silicates  containing  water. 

•7.  (10.)  AoALM.\TOi.iTK. — A  Compact  material,  resembling  steatite,  without 
•ay  distinct  g^ain,  white  or  grayish  in  color,  and  easily  cut  with  a  knife.  It  is  on« 
of  the  kinds  of  SBsUriab  oat  into  images  in  China.  Spoeiilo  gnrity,  2.7-3.9. 
It  is  a  9ilicat«  of  slamina  and  potash,  containing  abont  46  per  cent,  of  silica,  32 
of  alumina.  S  of  potash,  nnrl  7  per  cent,  of  water,  with  frsu'cs  of  somo  Ktlier  in- 
grfdients.  The  Parophite  of  Hunt  is  a  rook  of  similar  couipusitiun,  from  Canada; 
and  flio  dy^triUto  of  Shopsrd  is  a  rslatod  oompound,  fiN»a  northoni  Kew 
Torlt,  of  grayiib  gnen,  brawntoh,  sad  other  shadee  of  color.  In  the  vicinity 
of  the  dysyntribltS  large  hexagonal  orv!<tn1s  have  boon  found,  re.-embliug  the 
GirJttckite  of  Greenland,  and  showing  that  giuiseckito  alao  belongs  here,  as  ascer- 
tained by  O.  J.  Bmsh.  These  crystals,  and  also  the  gieseokite,  are  inpposed 
to  he  ttttend  mtfMimt, 
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Pyroi'HVMJTK. — A  minornl  rcPcmMinp  tnlc  in  its  appearance  and  5oapy  feci, 
hut  consistinp  of  flilica,  66,  liltimina,  29,  water,  b.  There  la  a  luiut.sivc  waxy 
variety,  which  resembles  the  pagudite  and  some  soapstone.  Tho  loosiiivo  pyro- 
phylUte  differ*  from  pagodito  in  eoatolninf  no  •Ikali  Mid  more  tUioa.  The 
preceding  hydfOttS  silicate!*  «f  alumina  bavo  the  soapy  feel  of  talc,  a  hydroni 
silicate  of  nia-^ncsia,  and  by  uiOf<t  persons  would  on  first  exuminatiun  bo  pro- 
nounced uiuj^uetiian.  They  aru  the  but>is  uf  a  t^laty  rock  mwh  like  laicv*e  »late, 
hfut  eotUaiuiu^  no  wo^ett'a, — a  point  of  interest  to  the  geological  obsorrer. 

68.  (21.)  Zkolitkh  and  related  mineraU.—'Tht  scolites  arc  hydrous  minerals, 
consisting  of  silica  and  alumina,  with  limo  or  an  alkali.  They  rcscinlilu  tho 
feldspars  closely  in  composiliua,  but  contain  water,  are  less  hard  and  uioro 
ftisiblo.  They  ooonr  in  earitiei  and  Toini  in  igneous  rocks,  or  disteniinatod 
throuf;rh  the  mass  of  the  rocks;  also  in  cavities  in  granite  and  some  other  feld- 
spathic  rocks.    The  following  arc  tho  more  projninciit : — 

a.  Aualeime:  occurs  in  trapczobodral  crystals,  glassy  and  clear,  or  white. 
HardBOM  n  littla  less  than  that  of  Mdspar. 

h.  Ckahotite :  in  rhomlMhedral  erystala,  nearly  enl^  white  and  reddish. 

c.  Xatrofilr :  in  fibrous  masses  and  acicular  crystaliji  VSaaUy  white^  withoBt 
a  pearly  cleavage.    Sfflecite  closely  resembles  natrolite. 

d.  Stilbitc:  in  flattened  prisms  with  dihedral  summits,  and  having  abroad, 
pearly  deaTage-snrfhoe  parallel  to  one  fhce  of  the  prism ;  prisms  often  grooped 
into  ehcatb-liko  forms,  and  usually  white. 

e.  I/<  iif'ni<h'tr ;  in  rhomboidal  pHsms,  wUh  pearly  bosal  cleavagc,  often  trans- 
parent, and  usually  white. 


Composition : 

Auah-inie 

Silica. 

.^4.0, 

Alumina, 

2:1.2. 

Soda. 

14.0, 

Water, 

Chnhazite 

u 

4S.2, 

u 

20.0, 

Lime, 

10.8, 

u 

21.0. 

A'utrvUte 

a 

47.4, 

it 

26.0, 

Soda, 

1C.2, 

4f 

9.5. 

SeoUeiU 

M 

u 

26.1, 

Lime, 

14.2, 

it 

ia.7. 

M 

6T.6, 

u 

16.3, 

u 

8.9, 

U 

16.3. 

Jfi  ufnuilitf 

t  % 

'•n.n, 

« 

n 

9.2, 

it 

11.7. 

They  resemble  tho  fclibjiurs  in  having  tho  same  ratios  between  tho  protoxyds, 
sesquiozyds,  and  silica,  this  ratk>  being — in  Uenlandite  1:1:4;  in  Stilbite 
1:1:8;  in  Natrolite  1:1:2;  in  Chabasite  1 ;  1 : 2§ ;  in  Analoime  1 : 1 : 2}. 

/.  Prehjciti:  is  a  species  related  to  the  zooliti  -.  ;:iifl  similar  in  its  nn'flos  of 
occurrence.  It  harder,  the  hardness  being  tliut  of  IVld-par.  Tlie  >urrace  is 
usually  clustered,  convex,  and  crystalline;  the  color,  pale  green  to  while; 
translucent  O.  2.8-3.0.  Before  the  blowpipe,  intamesoes  and  melts.  Cbm- 
ptt9iti9»:  Silioa,  4S.8,  alnmina,  24.8^  lime,  ft.!,  water,  4.3. 

.").  <  \irhi»iii(i's.  SutpJuitcs. 

no.  (22.)  '^'ai.i  ITK,  or  CnrhotnU,- of  Linn-. — ('rvstuls  rhonibolicdral  or 
hexagonal,  witli  luTtcrt  cloavage  purallrl  to  tlio  faces  of  a  rliomlio- 
hedron  tho  obtuse  angle  between  whose  faces  (or  R  on  R,  fig.  52  a) 
is  106"  5^.  Forms  various,  a  few  of  which  oro  shown  in  the  figures. 
Crystals  often  transparent ;  massive  kinds  granular,  as  in  statutiry- 
marble,  or  opaque  and  earthy,  as  in  common  limestones.  Colors, 
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from  white  to  yellowisli,  reddish ;  grayish-brown  to  black  when 
impure,  Euily  scratched  with  a  knife.  O.  =  2.6-2.8.  Crystalline 


Fig.  52. 


Fig.  53. 


rarietios  readily  <listinf;uishotl  hy  tho  an^'lo.  Iictwoon  the 

rleava.i!<Mar<'s  :  aii<l  all  kiii«l>  by  tin-  low  (li';:r<  c  of  liai<[iu  >.s,  it-aily 
efl"er>esccnce  when  touched  with  a  droj)  of  ililute  muriatic  acid,  and 
infusibility.  When  burnt,  it  become.s  quicklime.  Comjxmdon :  Car- 
bonic acid,  4L0,  lime»  5C.0. 

Ths  Mm«  Mvapoimdv  carbonato  of  lime,  oeeara  under  a  privmatie  eiystalUiie 
fofa,  aad  is  then  called  AtagamUe:  it  i<  eaMy  recognised  hy  the  absence  of  the 

rhoinhohcdral  oleevagc,  and  nl«)  Ijy  tncnn^  of  polarizc<l  light.    It  i-  soinowhat 
harder  than  calcite.    U.     2.U-.i.0.   In  ahells  the  pearly  port  u  AragonHe, 
while  the  rest  ia  usually  calcita 
(23.)  If  AosasiTs.— Oryctale  rhombohedral  or  hezagonVl,  like  ealelte,  with 

the  angle  twtwcen  two  pianos  R  107®  2J' ;  but  usaally  mnscive.  ami  often  look- 
ing like  jiorcolfiin  lii-.Miit.    Hanlcr  tliiin  cMU-itc.     Cul.n-.  white    <J.  2.S 
Infufiblc:  nu  iinuicdiute  cQcrvciicenco  when  touched  with  dilute  aeid,  thuugh 
dissohriag  whan  powdered  and  heated  with  acid.   Oompomtiom:  Carbonio  aeidf 
iti,  magneaiay  47.6. 

(M.)  DoLoiirrB.— Rbombnhodral,  as  in  calcite,  with  R  on  R  =  10r>« 
15'.  Also  raassive,  constilutinp  much  of  tlio  \\ liito  aichitoctui al 
marblo.  ami  sonif  i>artliy  liin»'-ton<'s.  fi.  - !2.S-:;.(>.  1  )i-f inLMiishcd 
from  c-alcitf  hy  not  allordiiit;  cfrfrvcxct'iirc  when  (i>U(h<d  witli 
dilute  acid,  uidoss  hcat«'<l.  It  is  u  carhonatc  of  magnesia  and  lime, 
containing  carbonate  of  lime,  54.4,  carbonate  of  magnesia,  45.6. 

(25.)  CnALVBiTE. — A  carbonate  of  the  protoxyd  of  iron,  having  the  same 
cfyrtallisatioii  as  carbonate  of  lime  or  ealdte,  but  higher  specific  gravity  (0.«a 
Bomewhat  greater  hardnees,  and  a  grayish  or  brownish  color  becoming 
deep  brown  on  exposure. 

70.  (26.)  Gtpsum. — Crystals  as  in  the  figures  54  and  "iri,  an  oblique 
(monoclinte)  pri-^m,  with  very  perfc<n  cleavage  in  one  direction, 
affording  large  pearly  plates,  which  bend  in  one  direction  and 
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break  in  another,  and  are  inelaatio.  Also  fibrous,  with  satin  lustre. 
Also  earthy,  maasiye,  of  dull  gray  and  oUier  ookm.  Very  Boft» 

BO  as  easily  tO  be  cut  with  a  knife. 

The  white,   compact  kind  is  ala-  *** 
ba.stor.    Wln  ii  iH  utcul,  burns  wliito 
nnd  ciuiuhlr-;,  losing  its  water,  and 
becoming  a  powder,  wliich  is  com- 
mon ** plaster  of  Paris."    Cbmpoiiffiim;  Snlphurio  add,  46.51,  lime, 
32.56,  water,  20.93. 

(27.)  AxHYDBlTB. — Tho  same  in  composition  as  gjpsuni,  except  that  it  con- 
taint  no  wnter.  Crystals  rectangular,  with  three  distinct  and  nearly  equal 
dbarsgM,  nffordlng  enbloal  and  reetaagular  Uoeks,  and  that  aasily  disUn- 

gui^hcd  from  tho?e  of  gypsum.  Color,  white,  grayich,  bluish,  and  other  pale 
shades.  Ilanlncss  near  that  of  cnlcite.  0.  2.S-.*?.ni.  JU'foro  tlie  Mowpipe, 
does  not  exfoliate  like  gypsum.    Cuaipontiou:  Sulphuric  acid,  i>6.b,  iiiue,  41.2. 


6.  Additional  minrral  s/u-rir.s. 

71.  (28.)  Orapbite,  colled  also  Plumbago  or  Black  Lead.  The  lustre,  soft- 
neai,  and  tlie  traeing  it  laarat  are  wall  Man  in  tha  ooniman  "laad-penalL'*  Tlia 
•tmetara  ii  aithar  foliatad  or  franalar ;  and  somatimas  It  giras  aalaty  atnatara 

to  a  rock.    Tt  is  essentially  pure  carbon. 

(29.)  PvitiTKs  (Ir'^n  Pyrites). — In  cube:',  tlic  luljivccnt  faces  F'P- 
of  which  are  often  striated  at  right  angles  with  one  another,  as 
in  tha  annaxad  figure  (56) ;  alao  in  other  formi;  also  mastire. 
Color,  pale  Imm^jitalow.   Hard  enough  to  strike  fire  with 
steeL    O.  —  CompetitHmt   Solpbor,  ftSJ^  iroB> 

46.7. 

(30.)  Chalcoptritb  (or  Copper  Pyrites). — Resembles  iron 
iqrritai,  but  is  of  a  deeper  ydlow  aolor,  nraeh  softer,  being  aeratebad  with  a 

knife,  and  giving?  a  dark-jrrccnifh  iiowder,  and  when  wet  with  nitric  acid  a 
knife-blade  put  in  the  acid  becomes  coated  with  copper.  Contains  sulphur,  34.9, 
copper,  34.6,  iron,  30.5.  There  is  also  a  graif  sulpharet  of  eoppcr,  called  copper^ 
9fa«et,wbieb  has  a  steel  or  iron  lostre,  and  oonaists  of  snlpbnr,  SO.S,  ooppar,79Jw 
There  is  still  another,  which  tarnishes  readily,  and  is  sometime  culled  horsa* 
flesh  ore,  from  the  color  of  the  tarnish,  which  consists  of  salphar,  23.7,  copper, 
62.5,  iron,  13.8. 

(31.)  Blexdb. — In  crystals;  also  massive,  cleav able,  with  a  brilliant  lastra; 
the  lastre  resinons;  the  yellow  and  Iwown  Tarlaties  look  aradi  like  ntada, 

and  the  black  variety  approaches  metallic  in  lustre ;  a  touch  of  tho  point  of  a 
knife  nffonls  a  white  or  whitish  scratch  or  powder.  Blende  is  a  sttlphorei  of 
sine,  containing  sulphur  33,  sine  67. 

(32.)  Oalbka.— In  cnbie  and  other  ralatad  erystalUna  fbms,  and  bnaking 
laadily  by  cleavage  into  small  enbes;  also  massive  and  granular.   Color,  lead- 
gray.    Readily  cot  by  a  knife.  nlthonir?i  lirittlc.     G.  —  7.2-7.7.  Onlona 
the  oommon  laad-oi«{,a  sulpharet  of  lead,  consisting  of  sulphur,  13.4,  lead,  86.6. 
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72.  (33.)  HsMATitB  (or  Specular  Iron).  A  oenaioii  iron-vn,  hftTiiig  vftta  a 

high  meUllic  lustre,  tlMSgb  ortcn  also  red  and  earthj.    Powdinr  daep  nd  or 

>>rowni«h  rocl.  Not  attracted  by  the  nmnnpt.  A*  h;ir<!  f«-l<!spar.  ComptMi- 
tiom:  OxjgVkf  30,  iron,  70.  Titanic  iron  (Ilmenit«)  resembles  hematite  oloaely, 
lit  hm  «  Maik  powdw,  and  oontaini  titaaiuni  with  tlM  IroB. 

(S4.)  XAantrm  (or  Mafiiotio  Iron-Ore).   Cryitalf  o«tab«droiit,  and  Mme> 

times  enbct  or  dodecahedrons.  Iron-black.  Powdrr  hlnrk.  Strongly  attracted 
bj  a  mapnct.    0.     4.9-5.2.    rompn»itioHi  Protozjd  of  iron,  8L03y  perozjd 

of  iron,  6H.y7 ;  or.  Ox  vgcn,  27.6,  iron,  72.4. 

(36.)  LiM05iTK  (Uydrous  Sest|uiuxyd  of  Iron). — In  massire  form.-);  often 
■1m  •talaetltie  and  mamillary;  blaek  and  Imporfeetlj  motallie  In  lustro,  or 

brown  to  yellowish-brown,  and  earthy.  Potcdrr  t/r^lloiri'ih-hrown.  0.^.1.8-4. 
Cnmpn^i'tinn  :  Soi«iiujoxyd  of  Iron.  S5.fi,  water,  1  J.  I  :  nr  (ho  ,«amc  n?  hematite, 
excepting  the  water.  The  color  of  the  powder  distioguiahes  this  species,  as  well 
ai  tha  magnetilc^  from  hamatita. 

Hu  ATtn,  Magnetite,  and  ^uaonite  are  tha  three  moat  common  ores  of  iron. 
They  are  diatingntshed  by  the  oolm  of  thrir  powden. 

7.^.  (•^a.)  Fi.roR  ?rAU  (Fluorid  of  Calcium).  In  cuhcK,  octahedrons,  and 
Otker  formff,  with  a  perfect  and  eaiiy  cleavage  on  the  onglca  of  the  cube  ;  also 
ive,  granular.  Often  transparent  and  glassy ;  also  transluceot.  Coloriy 
and  handsome,  bine,  pnrple^  yellow,  reddiih,  while;  aometimea  banded; 
leetiring  a  high  lutftre  when  polished.  When  powdered  ooanely  and  thrown 
ea  a  shovel  heated  to  ju>t  l»elow  rednes?,  it  phosphoresces  finely.  Heated 
with  tulphoric  acid,  it  gives  out  vapors  which  corrode  glass.  Cumpotition: 
finofine,  48.7,  eakinm,  51.8. 
(17.)  BAfttmt  (or  Heary  Bpar^  Snlphate  of 

BsrTt.i).  In  tabular  cfyitall  (Ig.  57).  rect- 
angular or  rhombic.  Color,  white,  somctimcH 
jellowisb,  reddish.  Remarkable  for  its  weight. 
0.  <»  4.S-4.7.  CemfoeiHiom :  a  snlphate  of 
baryU  ^  Solphurie  acid,  34.38,  baryta,  85.67. 

(3S.)  Al'ATITK  (Plio.phnfe  of  Lime).- -In 
kezagonal  prisms,  often  large :  no  good  cleav- 
m»;  alao  masaive.  Color,  sea-green,  bluish- 
le  yillo«iah.iridla^  often  reaembUng  beryl,  bnt 
inoch  softer,  being  scratched  with  the  point  of 
a  knife.  Transparent  to  opaque.  Q.  =  3.25. 
Compoeition:  Phosphoric  acid,  42.26,  lime, 
il.f,  fnorina^  8.77,  ealainm,  3.87. 

(18.)  Ctur^—Ot^  {a  not  a  afaapla  mineraL 

It  is  the  material  of  such  rocks  as  contain  feldspar,  ground  up  to  nn  impal- 
pable powder.  It  is  therefore  often  a  mixture  of  finely-ground  fcld-par  and 
<|iiarts,  in  which  the  former  predominates,  together  usually  with  other  ingre- 
tela  darirod  f^om  the  roaki^  aa  Ume,  magneila,  and  ozyd  of  iron,  in  amall 
«r  large  proportions.  Clay,  when  baked,  makes  brick  or  pottery;  and,  if  it 
Motains  ozyd  of  imn,  it  bums  red.  the  oxyd  of  iron  loaing  in  the  prooess  the 
which  was  in  combination  with  it. 


ng.  57. 
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Clays  whieh  liftre  »  peculiar  unctuous  fc«l  arc  more  or  less  pure  cbemioal 
sonpoonds,  oonfialing  of  •{liea»  alomiiia,  ud  wftter,  aad  ratatod  to  th*  niiionl 

8iH-oit'r«  Hiillo^titt.  HaIluri*ito  consists  of  silica,  41.5,  almiaai  34.4,  water,  24.1. 
It  ro-'iilts  from  the  lU'comixisition  of  fi-lil,-|iur.  K'l'th'n,  or  porrttain  c/ay,  is  an- 
other pruiiuct  of  the  decoiopositioD  of  feldspar,  consisting  usually  of  silica,  46, 
•lomiBft,  40,  water,  15.  It  is  a  fin*  wUto  olsy,  and  ii  tued  for  th«  finest  poroe- 
li^.  Pottor't  oont^u  non  or  lom  of  tboM  ingndieBt^  kMlin,  haUoy- 
tiibf  or  the  allied  speeks. 

74.  The  materialB  of  otgudo  origin — that  ib,  thoM  deriTod  from 
plants  or  animab  may  be  arranged  in  Jour  groupe, 

(1.)  The  «ai!ear0oiw,or  those  of  wlii*  h  limeBtonee  have  been  formed: 
namely,  corals,  oorallino!*,  shells,  erinoids,  etc.  The  specific  gravity 
of  corals  is  2.4-"2.S'2;  of  shells,  2.4-2.80, — the  highest  from  a 
Chuinu   (Sillimun,  .Ir.). 

(2.)  The  silirfou^,  or  those  which  have  contributed  to  the  silica 
of  rocks,  and  may  have  originated  flints,  namely,  (a)  the  micro- 
Bcopic  siliceous  shields  of  the  infusoria  called  dkOomt,  which  are 
now  regarded  as  plants;  (6)  the  microsoopio  siliceous  spicula 
of  sponges. 

(3.)  The  phojfphatic,  or  those  which  have  contributed  phosphates, 
especially  the  phosphate  of  lime,  as  fxijirt,  r.rrrrmmh,  and  a  few  nhellii 
related  to  the  Lin(/n/a.  Fossil  exri<  in«-nts  are  called  eoproiUu;  Ot 
those  of  binls  wIkmi  in  large  accuinulatiniis.  •luann. 

The  remains  of  aiiiiiiiib  have  also  aiforded  tracer  of  fluorine. 

(4.)  T1ie«ar6onae«0ii«,<»*  those  which  have  aflbrded  coal  and  resin, 
as  plants. 

Besides  these,  there  is  a  fifth  kind,  though  of  little  importanoe 
geologically,  viz.,  the  animal  tissti*  s  themselves.  Only  in  a  few 
cases  do  any  of  these  tissues  remain  in  fossils,  except  in  some  kinds 
of  the  later  <;eol<><rical  epochs.  These  tissues  contain  traces  of  phoa- 
phat^  and  tiuorids. 

Y6.  (1.)  Calcakbovs.— The  following  sra  a  Urn  aaalyMs:  1  aad  l^oorals, 
Madrepora  pahnato  aad  Attrtta  Orion,  by  B.  SiUimaa,  Jr.  j  1^  a  ilioll,  by  tho 
same: — 


Madrepore. 

Antrnea. 

Bhell  (Chama). 

Oyotor-iibell. 

96.47 

07.00 

Phosphate  and  fluorids. 

0.46 

0.06  \ 

0.5 

2.00 

1.4 

0.30 

0.74) 

4.45 

2.73 

0.40 

.•5.9 

Carbonato  of  magnesia^ 

••a... 

0.3 
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Id  tD&oy  sbcl].'*  the  inner  pearly  layer  consUts  of  carbonate  of  lime  in  the 
condition  of  Aragouite  60) ;  while  the  cater  (or  the  whole,  if  no  part  it 
feerly)  it  ntnally  eommon  eMrfaoanto  of  limo^  or  enloito.  The  epiaee  of  JSekimi 

in  calcite. 

In  coral-  "f  the  pcnuf  Millejmra,  a<*cor(linp  to  Dinnour,  there  besides  car- 
bonate of  liuic,  5ume  carbonate  of  magnesia,  amounting  in  one  species  to  19 
ytt  cent.,  while  but  little  in  others.  These  oorale  hnve  been  shown  by  Agassis 
Is  bo  rdntod  to  tbo  MtdmMm,  nnd  not  to  the  ordinary  polypa.  Forehhamaer 
ftttd  6.36  per  cent,  of  oarbonnto  of  magnesia  in  the  hit  nobili$,  and  2.1  par 
sent  in  the  Corulfium  nolil'-,  or  precious  coral  of  the  Mediterranean. 

The  Xmlliport*  and  CQraUiueM  are  vegetation  having  the  power  of  secreting 
Has,  lllw  tko  aoral  aaimala.  Tho  alnlla  of  Wdiapodt  (oallod  also  Piii^ihnUmim 
lal  /W«aiw(/Wa)  an  oalaaroou. 

The  shell  of  a  lobster  (Palinnrus)  afforded  Freaj,  Carbonate  of  limo^  49.0^ 
fhoephate  of  lime,  6.7,  organic  substance,  44.3. 

Tt.  (2.)  Siliceous. — The  organic  Silica  is,  in  part  at  least,  in  that  condition 
cfciiaotariBing  opal  (p.  55.)  Tho  mineral  Baadaaite  is  a  kind  of  opal,  made  of 
iafhttorial  ivmaina. 

77.  IX)  PiiospHATir. — Analyses  of  honcn:  1,  2,  human  bone"".  nccor<linj»  to 
French'':  '.\,  f).«h  (Haddock),  according  tu  Dumenil;  4,  shaxli  (Si^aalus  oorna- 
btea« ),  according  to  Marchand ;  5,  /omU  bear,  id. 


of  limo 

Sulphate  of  lime. 


I...**...*... 


Traces  of  soda,  etc. .......... 

Flaorid  of  4a]oiQm......M«M 

Phsophato  of  magnesia..... 


1. 

1 

8. 

4. 

6. 

&0.24 

69.50 

55.26 

32.46 

«s.u 

1L7« 

9M 

C16| 

AAA 

12  25 

38.22 

30.94 

37.63 

58.07 

AM 

1.22 

3.60 

•oooo* 

•••oaa 

LSO 

S.1S 

1.0S 

0.50 

In  \o.  4  a  little  silica  and  alumina  arc  included  with  the  6uorid.    No.  5 
tains  also  silica  2.12,  and  ozyds  of  iron  and  manganese,  etc.,  3.46. 

Tko  mmmtl  of  liotk  ootttaina  85  to  90  per  sent,  of  phosphate  of  lime»  2  to  5  of 
ewboaato  of  limo,  and  5  to  10  of  orga&le  matters. 

Fish- scales  from  a  Lepidosteus  afforded  Fremy  40  per  oent.  of  organic  sub- 
61.8  of  phosphate  of  lime,  7.(>  of  jihosphsito  of  mnjcncsia,  and  4.0  of  pbos- 
of  lime.  Other  &ah-scaled  contained  but  a  trace  of  the  magnesia-phosphate 
sad  mora  of  orgaale  matters. 

^esplatfs  nodule;  possibly  coproliti^  itt  the  Lower  Silurian  rocks  of  Ca- 
nada 'on  river  Ouclle)  afforded  T.  P.  Hunt  (see  Am.  .lour.  Sri.  [J]  xv.  and  xvii.). 
ia  one  ea<e,  phosphate  of  lime,  40.34,  carbonate  of  lime,  with  tluorid,  5.14,  car- 
bonate of  magnesia,  9.70,  perozyd  of  iron,  with  a  little  alumina,  12.62,  sand, 
tkM,  moistnre,  2.13  —  05.37.  In  a  hollow  i^lindrieal  body  Arom  tho  same 
ffsgloB  thera  were  67.53  per  cent,  of  phosphate. 

Attaltses  or  CornonTKs  f  i7  rrtrtmrHtii). — Nos.  1  an<l  2  Ity  Gregory  and 
Walker ;  3  and  4  by  Couaell ;  5  by  Quadrat ;  6  by  Kochlcdor  (a  coprolite  from 
thePMaa).  iff 
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1. 

% 

S. 

4. 

9k 

Bnrdto- 

nib* 

9.58 

08.00 

85.08 

83.31 

50.89 

61.00 

24.25 

10.78 

15.11 

8S.SS 

i.57 

Carbonate  of  magnesia  ... 

13.57 

2.89 

3.76 

0.40 

frae# 

8.08 

6.48 

1  4.1S 

(race 

0.84 

0.M 

0.14 

3.95 

1.47 

74.0.1 

6.33 

Une  of  oiganie  part...... 

•••••• 

MM.* 

•••««« 

•••••• 

1*44 

••«••• 

•••••• 

M**** 

1.98 

100.01 

97.45 

100.15 

100.18 

99.U 

100.00 

Analysu  of  the  shell  of  the  recent  Xiii^iiia  oeoliii  aeeordlng  to  T*  8.  Himt 
(Am.  Jonr.  8oL  [t\  xrfL  387) Phoeplwto  of  limn,  85.79,  ewhonate  of  Ubh^ 
11.75,  magnesia,  2.80  —  100.34, — or  very  near  tin  composition  of  bones.  Tho 
shell  of  speoiee  of  Orbioala  ond  Conularia  wm  found  to  have  tho  name  oum- 
position. 

78.  (4.)  Carbowaosoos.— JtfSiMral  tout  Ii  osientUDy  oarbon,  eomUned  oswOty 
with  Utumen  or  eomo  kind  of  bltuminoiu  nibetMice^  and  more  or  lem  omrthj 

•nbstanco  (the  a<iA).    The  varieties  are — 

A.  Anthracite. — Containing  no  bituniinouii  matter.  A  hard,  lustrous  ooal, 
breaking  with  a  ooncboidal  fhuitaro  and  doaa  mnrftoe^  and  boning  witb  Toiy 
little  flame,  as  the  coal  of  Lohl>:li,  Wyomlni^  and  otlier  plaeea  of  central  PMtt> 
■ylvanifi.  also  that  of  Rhode  l.slaii<l. 

B.  liUuminout  coal. — Containing  bituminous  flubstances,  and  therefore  burn- 
ing with  a  bright  flaao.  Softer  than  anthraeite,  leea  Inatrone,  often  loolting  n 
little  piteby.  Tbo  amonntof  bitaminoos  substances  varies  from  10  to  RO  per 
cent,  and  occasionally  reaebea  73  per  cent.  Among  the  kind*  of  bituminooa 
ooal  there  are — 

a.  Caking  Coal  The  common  rarietj  wban  caking  in  tho  fre  from  tho 
vending  bitumen. 

5.  (hmnel  Coal.  A  very  compact  coal,  with  an  even  texture,  smooth,  clean, 
and  nearly  dull  unrfacc,  and  a  conchoidal  fracture.  The  dull  lustre  gives  it  the 
aspect  often  of  being  impure,  when  not  so.  Tho  proportion  of  bitumen  Is 
large. 

«•.  AtphaUie  Coal.  A  Mack  and  very  lu."tron<.  coal,  looking  like  pTire  apphaltum 
or  mineral  pitch.  From  the  Albert  mine,  Nova  Scotia.  Four  per  cent,  soluble 
in  ether,  and  thirty  in  turpentine. 

0.  It^it^ivicablaek  or  biowaiah>blaok  ooal,  huTlnf  an  enpyreumatic  odor 
when  burned,  and  usually  retaining  something  of  the  texture  of  tho  original 
WIM..1.  Tt  in  sometime),  culled  l.r.„ru  fnnl.  It  belongs  to  eecondary  and  more 
modern  deposits.  M  is  a  very  compiwt,  black,  ond  lustrous  lignite.  Aol  ii  an 
imperfect  ooal,  made  mainly  from  mooaea  in  iwampe  after  a  long  burial  and  a 
partial  alteration  of  tho  material.  It  la  aometimea  cntlfdy  ocnmtad  Into 
coaL  H 
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Th«  wmpodtton  of  adnenl  ooal  rariM  mneh.  Tfa«  foUowing  an  the  refvlts 

T«IMII* 

oomboBtlbl*  flxfld 

in:itftT.  carlK)n. 

AatkraeitM  of  Pennsylraoia   i.m  87.45 

64.72 

«•        La  SdKIUiBoia .......  ai.lT  S4M 

Caanel.  Boghead,  flMOand    66.35       30.88  2.77  =^100  Sillimi 

«    Brcckcnridge  CO.,  Kentucky  55.7-71.7  28.3-44.3  7.-12.30  Peter. 

"   Wi(An,LaDOMhire,Englaiid  50.18      46.42  3.40  »  100  Hoddle. 

 ....  .............  61.74      86.04  2.21  «->  100  SiUimui. 


Aah. 

7.37  »  98.66  Johnson. 
2.31—  99.98  JohBMn. 
6.64  »  100  Whitn«7. 


Ultimaie  aaalyse«,  to  determine  the  proportions  of  the  elements,  have  giren— • 


Cartwn. 

Hjrdrogen. 

Oxygon. 

Nitrogen. 

94.05 

1.75 

1.20 

0.00 

Rcgnault. 

82.2 

5.5 

12.3 

0.00 

Biachof. 

80.49 

11.24 

6.78 

0.87 

Peter. 

Cannel.  Breekenridge ... 

82.36 

7.84 

7.65 

2.75 

iVtcr. 

82.67 

0.14 

8.19 

WotheriU. 

72.3 

6.3 

22.4 

Kegnanlt. 

60.1 

6.1 

83.8 

Vaaz. 

Fcit  eoal,  Waatplwlia... 

80.7 

4.1 

15.2 

Bser. 

The  asbe«  consiiit  moatly  of  ailica  and  uiuinina,  in  the  ratio  of  1  of  the  former 
to  1  «r  2  of  the  lattar,  with  » trooe  of  lime  and  mafneeis;  ud»  in  those  eoala 
Vhidi  afford  a  red  ash,  some  oxyd  of  iron,  often  derived  from  pyritc^<  mixed 
with  the  cf»al.  In  good  coals,  the  a^h  i\ih'*  not  exi'ccd  10  per  nont.,  "f  which,  na 
an  average,  2  to  4  might  bo  silica,  4  to  7  alamiua,  and  i  eaoh  lime  luid  magnesia, 
or  oz  jd  of  iron. 

Main*  of  Mverml  kinds  occur  in  some  coal-beds,  especially  in  those  of  tertiary 
%e^.  A,..hrr  \*  of  thi->  kin  l.  They  come  from  tho  anoioBt  troes,  hut  hara  baas 
altered  in  the  course  of  their  long  burial. 

FomOs. — ^From  the  above  account  of  the  oompoaition  of  the  hard 
part*  of  organic  beings,  their  influence  on  the  composition  of  rooks 

is  ri  at  lily  inferred. 

But  tho  fossils  themsolvos  soldom  retain  completely,  oven  in  thn 
ca«e  of  such  stony  secretions  as  shells  and  corals,  tlieir  original 
coiu»titutiuii.  There 'm  u.sually  a  loss  of  the  organic  matter.  There 
ii  often  a  ftitther  change  of  the  carbonate  of  lime  into  a  neir  mole- 
cular condition,  manifest  in  the  fWot  that  the  fossil  has  the  oblique 
deaTage  of  calcite ;  ati<l  in  thi:^  change  there  is  a  loss  of  part  or  all 
of  the  phosphate  or  fluoritl.  There  is  sometimes,  again,  a  change  to 
dolomite,  in  wliich  the  carbonate  of  lime  becomes  a  carbonate  of 
lime  and  magnesia.  In  other  cases,  of  very  common  ocenrreiice,  all 
the  fossils  of  a  rock,  whether  limestone  or  saadstone,  uru  changed 
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to  nliea  (qoarti)  byftolidiying  prooew.  Silidfied  tnuUcs  of  to«ee, 
M  well  M  shells,  occur  of  all  geological  ages.  In  some  caaea  feouls 
have  been  altered  to  an  ozyd  of  iron,  or  to  the  aulphuret  of  iron 

(pyrites). 

in  many  cases  the  fossils  are  entirely  dissolved  out  by  percolating 
waters,  leaving  the  rock  full  of  caviiiesj.  This  hapjH  ns  especially 
in  sandstones,  through  which  waters  percolate  easily,  and  not  in 
days,  which  presMnre  well  the  fooaiU  oommitted  to  them;  and 
henoe  aanda,  gravel,  conglomeiates,  qoartaoee  sandatonea,  contain 
few  organic  remaina. 

8.  KINDS  OP  BOCKS. 

79.  Oeneral  •nbdlviaiona.'Bocka  are  conTeniently  divided  into 
fragmaital  and  erydaUme, 

1.  F\ragiMMtal, — Rocks  that  lure  made  up  of  pebbles,  sand,  or  day, 
dther  deposit^^d  a.s  the  sediment  of  moving  watera  or  formed  and 

acrtimuhited  throujili  other  mean8:~aB  ordinary  confffomrraffs,  sand- 
s(o)if\<i,  daif-rwk.'^,  (nUis,  and  some  limestones.  Tlie  larger  part  of  the 
rocks  here  included  are  made  of  sedimentary  material,  and  are 
commonly  called  sedimerUmy  rocks.  They  are  strati^  rocks, — that 
ia,  oesMDst  of  layers  spread  out  one  over  another.  Hany  of  them 
Brefuni^emu  rooks,  or  contdn  fossils. 

2.  Crydal&M, — ^Rocks  that  have  a  crystalline  instead  of  a  frag- 
mental  character.  The  grains,  when  large  enough  to  be  visible, 
are  crystalline  grains,  and  not  water-worn  particles  or  fragmenta  of 
other  rooks.    Examples,  trranitc.  miea  schist,  husjdt. 

The  crystalline  rocks  may  have  been  crystallized, — 

a.  From  fusion,  like  lavaor  basalt,  when  they  are  called  iffneous  rocks. 

b.  From  solution,  as  with  some  limestones. 

e.  Through  long-continued  heat  without  ftidon.  ^  this  last 
method  sedimentary  beds  have  been  altered  into  granite,  gneiss, 
or  mic^  schist,  and  compact  limestone  into  statuary -mnrblo. 

As,  in  such  cases,  a  bed  originally  setlimentary  luis  been  meta- 
morphosed into  a  crystalline  one,  rocks  of  this  altered  kind  are 
called  mekanorphic  rock*. 

In  the  following  descriptions  a  separate  subdivision  is  made  of 
the  eakamm  rocks  or  finusftmet,  which  are  mostly  sedimentaiy  in 
ori^'inal  accumulation,  but  generally  lose  that  appearance  as  tiiej 
solidify. 

80.  Characteristics  of  Rocka. — Independently  of  the  characters 
above  mentioned,  rocks  dilt'er  in  kinds:— 
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a.  Ftrft.  As  to  structure:  whetlior — 

Mamtf,  like  8&nd8tone,  or  granite,  breaking  one  way  about  as  easily  as 

ftAufOM  or  laminated,  breaking  into  sUbi,  like  flagging-stone ;  mAittow  is 

BSTjalV  rp'trirto'l  to  the  crystulline  rockj||  like  gneiss  and  mica  aollist. 

Sl'Jty,  breaking  into  tbin  and  even  plates,  like  ruuiing-slate. 

SOtatg,  breaking  nnevenly  into  plates,  and  fragile,  like  the  tiate  or  shale  of  the 
eoal  fbrmatioa,  the  Utica  slate,  ete. 

Conerru'ouargf  haTing  the  fnrni  of,  or  containing,  spheroidal  concretions; 
lome  varieties  are  al^o  called  ijInbuU/rroui,  when  the  cuncrctions  are  isolated 
globules  and  evenly  distributed  through  tho  texture  of  a  ruck. 

ft.  Seemi.  Ab  to  HAKOMtas  and  nsMMias : 

Compact,  or  well  consolidated. 

FrinhU.  r>r  cniml>linp  in  the  finporf. 

Ponmt,  so  luose  or  open  in  texture  as  to  absorb  moisture  readily. 
(hMmpaeUtif  or  Uke  looM  earth. 

Am^,  very  hard,  and  bfoeUng  with  a  smooth  surf aee  like  flint. 

f.  Tfdrd.  As  to  the  rock  or  minf.rat,  n  ature  of  the  constitucntti: 

Gnuntic,  like  granite,  or  made  of  granite  materials. 
SUi€eou»t  oonsisting  mainly  of  qaarts. 

QmfUem,  saane  as  sUioeons;  hot  also  eoasisting  largdy  of  qnarts  in  graisi^ 
— »  qaali^  expressed  bjarsnoeteiM!,  when  the  rook  is  mainly  made  up  of  qaarts 

grains. 

MicactouM,  characterized  eminently  by  the  presence  of  miea. 

Chlearwrnw,  of  the  natvre  of  limestone^  or  oontaiaiag  eonsiderable  earbonata 
of  lime.  a«  a  calcareous  rock,  a  caloareoas  mica  sohist. 

ArjilUicfOHn,  having  a  clayey  nature  or  constitutton,  or  containing  much  claj* 
SI  (hale  is  argillaceous,  a  sandstone  may  be  argillaceous. 

Fmmgimamt,  eontaining  oxyd  of  iron;  sometimes  having  a  red,  brownish-red, 
«r  hcowaish-ydlow  oolor  in  eonseqnenee  of  the  disseminated  ozyd  of  iron; 

fomctimes  containing  tho  ore  in  platc^  or  masses  of  a  motnllic  lustre. 

Pjfriti/troHii,  containing  pyrites  (p.  64)  disseminated  through  tho  mass,  either 
is  sofcie  crystals,  or  in  grains  or  masses. 

Bam^iie,  made  of  material  deriTod  Aom  basalt;  also  like  basalt. 

P»m!ceou»,  made  of  puinicc. 
Gnmttif trout,  containing  garnet s. 

So,  also,  HaHrotidi/eroua,  containing  staurotide;  anthophj/Uilic,  containing 
SiisnlsT  hornblende  of  the  Tarle^  anthophyHite. 

Sedimentary  rochs  differ,  further  (</),  as  to  tho  mechanical  condition 
of  the  constituents:  wlietlier — 

(a)  Rotmdtd  §ton«9  or  pcbUct  j   or  (i)  wmgulwr  sfoess;  or  (e)  »«nd/  or 

(d)  elay. 

UrysUUiinc  rocks  diHer,  fitrther, — 
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e.  As  to  the  number  and  kinds  of  mineral  constituents,  a»  explained 
beyond. 

/.  Ai*  to  the  kind  of  crj'stalline  aggregation  or  structure: 

Oranvlar  { phanero-cnftlalline,  or  distiQctly  cryetatlino),  which  may  be  either 
eoar$e  granninr,  a«  in  granite  aod  much  architectural  marble,  or  jinc  granular, 
M  in  8omo  statuary-marble. 

Cryptocrtfttalline,  or  concealed  oryetalline,  as  in  flint,  no  particles  being 
distinct. 

Granitmd,  having  each  of  the  mineral  coDBtitucota  separately  crystallised 
and  distinct,  as  in  granite,  syenite,  diorite. 

Other  terms  bearing  on  structure  are 
as  follow : — 

Porphyritic. — Having  the  feldspar  in 
distinct  crystals  through  the  mass  of 
the  rock,  or  speckling  it  with  spots 
of  w]iit«  or  a  light  color  that  are  often 
rectangular  or  nearly  so  (fig.  58). 

The  term  p^irphyritie  is  sometimes  applied 
also  whore  hornblende  or  pyroxene  is  in  dis- 
tinct crystals  in  the  rock-moss,  the  rock  in  this  case  being  described  as  por- 
phyritio  with  hornblende  or  with  pyroxene. 

The  feld.-tpar  crystals  arc  often  double  or  twin  crystals,  as  shown  by  a  line  of 
division  through  the  middle  (see  fig.  58).  Granite,  diorite,  doleritc,  and  lavas, 
as  well  as  porphyry,  are  sometimes  porphyritio,  and  the  feldspar  crystals  might 
be  very  large  or  very  small. 

Homogeneous,  having  the  mineral  ingredients  not  separately  dis- 
tinguishable, but  forming  a  homogeneous  moss,  granular  or  other- 
wise, like  most  trap,  or  dolerite  and  argillite. 

Amygdnlotdnl  (from  amygdnlim,  an  almond).  Having  nnmerout  sphe- 
roidal or  almond-shaped  cavities,  like  some  trap,  dolerito,  basalt,  the  cavities 
fllled  with  minerals  foreign  to  the  rock,  such  as  quarts,  calcite,  and  the 
seolitcs. 

Scortaeeou: — Slag-like,  very  open,  cellular,  or  inflated,  like  the  scoria  of  a 
volcano  or  slag  of  a  furnace. 

It  should  further  be  observed  that  a  rock — 

When  Quartx  predominates,  is  hard  and  oAen  grittjf.    G.  =  2.5-2.8. 

Feldspar — hard,  usually  light-colored.  O. -=2.3-2.8.  Either  cleavably 
crystalline  or  cryptocrystatline. 

Hornblende  and  Pyroxene — hard,  usually  dark-grccn  to  black ;  heavy.  Q.  = 
2.8-3.6.    Often  tough. 

Afica — slaty,  glistening  with  mica  scales,  not  very  hard,  not  greasy  to  the 
touch.    G.  =  2.5-2.8. 

Tale — often  slaty,  somewhat  glistening,  a  greenish  color,  grayish,  brownish, 
not  very  hard ;  a  grta»y  feel.    Q.  =  2.4-2.7. 
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CSUonto— often  slaty,  soft,  an  olice-yreen  oolur ;  but  little  greasy  to  the  touch. 
0. »  S.7-3J. 

Serpmu'nt—msaisWt),  ndwr  tofl,  dark  or  Uglit  grwD}  Imt  Uttta  gretsy  to  the 
touch.    G.  ^  2.4-2.6. 

Carbonate  of  iime — ^moderately  soft,  effen'escing  readily  with  acids.  Q.  « 
SMS.   Uraidlj  maaalTo;  white  te  blaok. 

CkrhomaieofUm*  and  maynetla,  or  lielMijle— Uko  the  preeedlag;  hat  not  oAh^ 
Tweing  readily  with  oold  acid. 

An  easy  eflerreaoeiMe  with  dilute  moriatio  aoid  indioates  the  presence  of  oar- 
boMte  of  iirae. 

1.  Fragmental  Rooks,  ezoluaive  of  LimestonM. 

8L  (1.)  CoxoLOMERATE. — A  Fock  mado  upof  pebbles  or  firagments 
ofrocksof  any  kind.  {<i)  If  tlio  pebbles  aro  rounded,  theoonglo- 
Vderkie  h  a  pu({(/tni/-sli,ne ;  [b  j  if  angular,  a  6rtrna. 

Congk>uierat4^'ti  artj  nauicd,  according  to  tlieir  constituents, 
wBeeomt  or  quartzose,  grmutic,  eakmwut^  porphi/rUic,  pwmeeim,  etc., 
wung  these  temu  m  Already  explained.  The  cementing-ingre- 
^ent  vukj  be  etdeareeus,  ti&emu,  fenv^mmt  and  occasionally  of 
other  kinds. 

(2.)  Grit,  Grit-Rock. — A  hard,  gritty  rock,  consisting  of  sand  and 
*inall  pebbh^s,  callfd  also  mil/.sfoiu-  ifr't  himI  (/rindstonr  (frit,}iorauHi^  u.sod 
riouiftimo.s  for  grindstones.  Also  aj»plied  to  a  hard,  gritty  sand- 
itone,  aa  the  paving-stone  of  the  Uudson  River. 

(3.)  Sakdstons.— A  rock  made  from  sand  agglutinated.  There 
are  nSeemu,  gmm&e^  porpk^riSe,  batalSe,  or  eedeoMout  landstones, 
according  to  the  natuiv  of  the  material.  But  the  eoJcaremu  is 
called  nJrarrous  sand-rock  rather  than  sandstoiio.  Tliero  are  also 
cmpact  gandstonef  /riabU  sandstone,  Jaruginous  sandstone,  ameretionary 
tandstnne. 

Micaceoua  tantUtone. — A  Madftone  glistcniog  with  scales  of  mica. 

ArfiOaetem  «HMls<on«.«-^oiitaining  mneh  e1^  with  the  eaad;  alio  ealM 
tkn!^  $and»tone,  when  thin-laminated  in  structure. 

Mariff  >nml»toH' .—ConUiakag  earbonate  of  Uiiie>  to  ae  to  effamreaee  when 
treated  with  dilute  acid. 

fTexAlc  soiMlstone. — See  Itaeolmnlte,  f  88. 

« 

(4.)  Shale. — A  soft,  fragile  rock,  made  from  clay,  and  having  an 
uneven  slaty  structure  as  explained  on  page  71.  Shales  are  gray  to 
black  in  color,  and  sometimes  of  dull  greenish,  purplish,  redcUsh, 
•ad  other  shades. 

Among  the  Tarietiee  there  ar^ 

BUuminout  tHalfr— Tispnrgnatftfl  with  fcituBoa,  or  yielding  the  odor  of  bitanen 
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Gtafy  tJUila.— Coataiaiaf  coaly  impreMkma  or  iBpngnatioas. 
.4/i<in  akah, — ^lanpregnatAd  with  alum  or  pjrit«% — otaaUy  a  ommbllBg  rook. 
The  alua  proooeds  ftom  tho  alterotioa  of  pjrritot. 

(5.)  TvTA.  PoniroLAKA. — ISi/a  is  an  earthy  rock,  not  very  hard, 

made  from  omnminutod  volcanic  rooks,  or  volcanic  cinder,  more 
or  less  decomposod.  and  often  forming  beds  of  great  extdnt.  It  is 
uaually  of  a  yellowish-brown,  gray,  or  brown  color. 

The  color  variof  with  the  nature  of  the  material: — ba)»altic  rocks"  or  lava.^ 
produoo  brownub  colors  (tho  color  i»  omiag  to  the  bydroua  oxjrd  of  iron 
promts  dorirod  flrom  tho  pyrozono  or  w^tttUo  inm  of  tibo  4»iginol  rookf 
altered  by  tbo  action  of  water);  feldipathle  lavM  prodneo  light-grayUh  colon. 
P^tmireout  tufa^  which  bclon^rn  tn  the  latter  divillflVf  OOUlftO  luillly  of  punloo 
in  grains  and  fragment«,  more  ur  leas  altered. 

I^mmoImm  to  a  kind  of  light-colored  tafa,  found  in  Italy,  near  Rome  and 
diowhoro,  aad  mod  for  making  oa  hydnnlio  otnmit. 

Watkk. — An  earthy,  dark-brownish  rock,  resembling  an  earthy  trap  or  do- 
lerito,  and  usually  made  up  of  trappean  or  doleritio  material  compacted  into  a 
rock  which  is  rather  soft. 

(6.)  Sand.  Gravkl. — »SJ7n// is  comminutod  rock  of  nny  kind  :  hut 
common  sand  is  mainly  oomminuted  (juartz,  or  quartz  and  feldspar, 
whileyrave/ia  the  same  mixed  with  pebbles  or  stones.  Occaj>ionally 
sand  containa  aoalea  of  mica  and  has  a  glistening  lustre.  Fo&mne 
mnit  or  p^permo,  u  sand  of  volcanic  origin,  either  the  **dndenf*  or 
"<uAe«"  (comminuted  lava)  formed  by  the  process  of  igection,  or 
firom  lava  rocks  otherwise  comminuted. 

(7.)  Alluvium.  Silt.  Till. — .l/A/ivimi  is  tlie  earthy  deposit  made  by 
running  streams,  especially  during  times  of  Hood.  It  eonstitutes  tho 
flats  on  either  side  of  the  stream,  and  is  usually  in  thin  layers,  vary- 
ing in  fineness  or  coarseness,  being  the  result  of  successive  deposi- 
tions. SUt  is  the  same  material  deposited  in  bays  or  harbors,  where 
it  ftnrms  the  muddy  bottoms  and  shores.  TiU  is  an  earUiy  deposit, 
coarse  or  fine,  following  the  courses  of  valleys  or  streams,  like  allu- 
vium, but  without  division  into  thin  lay«*rs,  althougli  in  very  thick 
deposits.  The  lilt  of  the  Alpine  valleys  is  formed  by  tlie  action  of 
glaci«Ts.  JJi  tritus  (from  the  Latin  fur  worn)  is  a  general  term  ap- 
plied to  earth,  sand,  alluvium,  and  the  like. 

2.  Metamorphlc  or  Crystalline  Rocks,  not  Calcareous. 

82.  Metamorphic  rocks  are  made  from  tlie  sedimentary  rocks 
above  enumerated  by  some  crystalli/.inc  process,  an<l  vary  exceed- 
ingly in  the  perfection  of  the  crystalliwition  they  have  undergone. 
Granite  stands  at  one  end  of  the  series,  and  hard  sandstones  called 
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qnartatdp  hard  slates  like  roofing-slnte,  and  partially  olyBtalliied 
Hmestones,  at  the  other ;  so  that  a  distinct  line  between  them  and 

the  sedimentary  beds  cannot  always  be  drawn.  They  are  some- 
timc<«  called  plutonic  rocks,  to  distinj^uish  them  from  the  true 
igneous  rocks. 

The  common  ingredients  are  quartz,  /eldipar  of  different  kinds, 
siiea,  konMmde,  pyrozene,  taie,  qndoU,  ehbtrUe,  serpeftHne;  to  which 
garna,  andoAmle,  MaunHde,  iaurmatme,  topea,  ffrupkUe,  may  be  added  as 
diaracteriang  a  number  of  varietiea.  The  loeka  are  aggregates  in 
general  of  two  or  more  of  the  above-mentioned  minerals;  and,  as 
the  proportions  may  vary  indefinitely,  the  kinds  of  rocks  are  not 
in  all  co^es  well  defined;  they  graduate  into  one  another  through 
imperceptible  shades. 

Metaraorphic  rocks  may,  for  the  most  part,  bo  distributed  into 
three  series  parallel  with  one  another.  These  are  the  miea-bearing 
•ories,  ocmtaining  granite,  gneiM,  mica  achist,  etc. ;  the  Aomft&iufie^ 
duttacteriaed  by  the  presence  of  hornblende  or  the  allied  i^rozene, 
M  \p.  syenite,  homblendic  gneiss,  etc.;  and  the  h^fdrmu  puifjmdan 
series^  containing  talc,  chlorite,  and  serpentine  rocks.  .Besides 
the«e,  there  are  other  groups,  wliicli  with  the  foregoing  are  de- 
scribed beyond  in  the  following  order:— 

1.  Mica-licarint,'  "cries. 

2.  Uornbiendio  series. 

3.  Feldfpathle,  vpidotie,  and  ganMt  roeki^  luTiag  the  mast  or  body  of  tbo 

rock  rninpaot  (eiyptocryiitalUno). 

4.  Ilydrons  magncsian  Berics. 

5.  Uydroos  aluminoos  series,  or  rooks  ooDsisting  essentiallj  of  agakoatolito 
m  pyrophjUito. 

6b  Qawti  fookt. 
7.  bm-ine  rodts. 

1.  The  HBe^Uaring  Senet. 

The  miea-beaving  series  commences  with  granite,  the  most  highly 
crystalline,  and  descends  through  gneiss  and  mica  schist  to  aryilSu  or 
roofing-alate,  and  also  to  quarttUe,  which  is  but  little  remoTcd  from  a 

sandstone.  Quartz  is  a  constant  ingredient,  as  well  as  mica.  The 
series  branches  off  into  crystalline  feldspathic  rocks  like  granulite, 
containing  little  or  no  mica.  The  specific  gravity  ia  between  2.4 

and  2.8. 

83.  (1.)  Granite. — A  granular  crvHtalline  rock,  consisting  of 
quartz,  feldspar,  and  mica,  having  no  appearance  of  layers  in  the 
arrangement  the  mica  or  other  ingredients.  The  mea  is  in 
sctlei,  nanally  white^  black,  or  brownish,  eaaily  separable  into 
tlifamer  elastio  soaleB  by  means  of  the  point  of  a  knife;  the  ^iiarCi 
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is  usually  grayish  white,  glassy,  and  rrlthout  any  appearance  nf  dravnqr 
tho  ffhlxpnr  is  commonly  whitish  or  tlesh-colorofl,  loss  gliissy  than 
the  quartz,  and  showing  a  flat,  poii^ihed  cieavago-tiurhice  in  one  or 
two  directioua.  • 

a.  Common  Oranite. — A  granit*  in  which  the  feldspar  is  oommon  feldspar 
(Um  fpadM  orthodnM,  )  5ft),  or  polMh-Mdspuv  tho  moit  eonmoa  kind.  The 
oolor  it  gnjlifa  «r  tadi-oolored,  aooording  m  this  Mdapar  te  white  or  reddish. 

The  texture  varies  from  a  fine  and  ovon-prained  to  a  coarte  rprnnite  in  which  the 
mica,  feldspar,  and  quartz — especiall/  tho  two  former — are  io  large  crjsiaHine 
■wsses.  Porphyritie  gra$tit»  hsi  the  feldspar  distributed  in  dietiaet  cryatals, 
whieh  appear  as  rectangular  whitish  blotches  on  a  surface  of  fracture.  Sjfenitie 
ffraniu  contains  black  scales  or  grains  of  hornblende  besides  the  mica.  .Viri»ri>r 
consists  of  oleavable  white  feldspar  (orthoclase),  black  mica,  and  gmyith  or 
^eilowUk-whiu  elmoliu,  with  acme  hornblende,  and  oooasionaUj  albite  or  qoarta. 
It  ie  aweeiated  with  sjeoite. 

h.  Albitic  Qranitt. — A  granite  in  which  part  or  all  of  the  feldspar  is  albite,  or 
soda-foMnpar  55,  h).  This  fcldftpar  is  usually  white,  and  when  Vxith  albite 
and  orthoclose  are  present,  tho  latter  may  often  bo  distingnished  by  having  a 
ttoie  grayish  or  reddiih  oolor,  aod  hy  not  having  the  oleaTago-fiuiiMe  ftaelj 
atriated  in  one  direotion,  like  albite. 

(2.)  Pegmatitk,  or  Hraj.hir  ^<7nnV.— .A  voij eoMM  gtoaltis  fook, ooulfltiaf 
of  eommon  feldspar  and  quartz  with 
bat  little  whitish  mica ;  in  the  graphic 
Tariety  the  qnarti  )■  dletribated     X  t  P  A^ffk 
through  tho  feldspar  in  forms  look- 
ing like  Oriental  characters  (fig.  59). 

(3.)  GaAHULlTB.  —  A  fine-grained 
granitk)  rook,  eonaisting  mainly  of 
f^tfuilar  ftldapar  with  little  quartz, 
and  often  imperfectly  srluMtosc  in 
structure  from  tho  arrangement  of 
the  quarts.  It  is  also  called  «urtre 
■ad  ls|i^iilie  /  and  the  flinty  kind,  pttronUr.  (See  beyond,  }  86.) 

(4.)  Gneiss. — Like  granite,  but  with  the  mica  more  or  less  diB> 
tinctly  in  layers.  A  gju  uKsoid  granite  is  a  rock  intermediate  between 
granite  and  gneias,  or  showing  some  tendency  to  the  gneiss  stnio- 
ture.  As  the  mica  is  In  scales  as  well  as  easily  cleavable,  a  gneiss 
rock  In^aks  most  re.idily  in  the  direction  of  tiie  mica  layers, — 
*thus  affording  slabs.  This  structure,  t*fm"ng  a  tendency  to  break 
into  slabs,  is  called  a  schistose  structure. 

Porphyritto  Gnei'»»  has  diHtinct  feldspar  crystals  disscminnted  through  it,  like 
porpbyritic  gr&nito.  Gneiss  may  abound  in  garnets,  or  bo  garnet i'/erou» ;  or 
oontain  an  excess  of  mica,  when  it  is  culled  micaceout  gneiu ;  or  much  cpidote, 
beoonJng  an  tptdotie  yiiefssi.  Oneli ■  gradnatoi  into— 

(5.)  Mica  Schist. — The  same  constituents  as  granite  and  gneiss. 
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but  with  loss  fcldsj)ar  and  murli  moro  miai. — tlioroforo  glistenin^i  in 
lustre  :  slaty,  or  vtny  soliistosc.  in  structure,  breaking  into  tiiin  slaha 
or  p  lutes ;  often  friable,  or  wearing  easily. 

Mica  schist  ofleii  abounds  in  garnets,  staurokide  {i  61),  or  tounna> 
line  (1 63). 

Th*  Tsriety  piumbaginow  idUirt  MBtslBS  plsiflilwgo  (p.  64)  In  tU  Isjwn.  Od- 
mrmmt  miiea  tdkiat  eoBtsias,  dlaMmiaatod  thnnigli  It,  cwtMiiato  of  lime  or  cal- 

eite.  Talctuie  mtea  $ch{tt  contains  tale  uwell  sa  mica.  HombUndic  mica  »chint 
contains  black  or  preeninh-black  crystals  of  hornblende.  Anthophi/llitin  »rhi$t 
is  related  tu  the  last,  but  tbo  acicular  crystals  are  of  the  brown  variety  of  bom- 
Uenda  ealM  mntkophtflliu,  OmerwHomary  wtiea  wAt'sl  la  a  Tarlsly  •ontalnfag 
eoaeretions :  the  conoratioiis  may  eoasist  of  feldspar  and  contain  garneta ;  or 
of  mica  ftn<l  fpM-'jmr.  otr.  Speen!ar  achitt  is  a  vnrjpty  in  which  the  m\on  is 
replaced  tu  a  great  extent  by  micaceous  or  lamellar  specular  iron.  It  may  be 
connected  either  with  mica  schist  or  talcose  schist. 

(6.)  Argillite.  or  Clay-Si-ate,  Roofing-Slate. — Mica  slatf^  gra- 
duates into  slates  in  wliirli  there  is  no  distinct  crystallizHtion  and 
evfH  the  mica  is  not  apparent.  Tliis  fine-gniincd  slate-roek  is 
ordinary  roofing-«lato  and  writing-slate,  and  occurs  of  bluish,  pur- 
plish, red,  and  other  colors,  to  black. 

AigUlite  often  contains  andalnsite  (|  60)  running  through  it  in 
prismatic  crystals  seldom  smaUer  tiian  a  goose-quill,  and  one  or  more 
inches  long.  It  also  occasionally  contains  garnet,  tourmaline,  s'tjur'^fnle, 
and  ottrelite, — the  la.st  a  mica-like  though  brittle  mineral,  imbedded 
in  small  scales  spangling  the  rock,  as  at  Billingliam.  Massachusetts. 
The  ottrclite  has  Iven  called  phyllite.  The  more  gli'^teniriu'  kinds 
of  .slate  sometimes  contain  mica  in  distinct  but  minute  scales,  or 
have  a  sort  of  micaceous  surface. 

2.  HcrnUemBe  Seriea. 

84.  Tlie  hornblendic  series  commences  in  a  granite-like  species 
(csUed  sjrenite)  containing  quartz  and  fddxpw  along  with  konMende 
in  place  of  mica.  Hornblende  is  not  so  cleavable  into  leaves  as 
mica,  and  is  brittle  instead  of  elastic.  It  is  also  tough  and  heavy; 
and  hence  hornblende  rocks  arc  generally  tough  and  heavy,  the 
specific  gravity  between  2.0  and  'i.').  From  syemie  the  series  inins 
down  through  syenitic  yjin.s.s  to  hornblendic  schist  and  hornblende 
rock ;  then  to  rocks  of  very  oven  texture  and  compactness,  called 
duJbaae  and  aphanUe^  the  last  like  hornstone  in  fracture  and  surface. 
The  rooks  ^ve,  folkming  syenitic  gneiss  and  some  of  the  schists, 
contain  no  quarts. 

There  is  snother  related  series,  in  which  the  rock  contains  hy- 
penthene  or  diallage  instead  of  hornblende,  and  quarts  is  mostly 
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or  wholly  wanting'.  It  commoii<'«^s  in  the  granit(^like  Jn/jwrlh; 
con.sLsling  of  crysudlized  feldspar  (usually  lubradoritc)  and  hyper- 
sthene.    It  passes  into  the  tough  and  compact  euphotide. 

The  burnblondic  eorics  blcndtj  latcrallj^  with  tho  magneaian  ecricit,  especially 
through  the  ehloritle  ro«ks  of  tho  Isttor,  ehlorito  hoisf  boot  horahlondo  and 

I^rrozone  in  eompoHition,  thoagh  oontaining  wftter.  It  also  blends  with  tho 
mica  sericit  through  granites  rind  ^cbistK  that  ountain  both  horiiKlritdc  aad  BUOa. 
Through  the  pjroxenic  varieties  it  also  passes  into  the  igneous  series. 

(1.)  SvENiTE. — Rosomltlt  s  granite,  but  contains  in  jilaco  of  mi*  a 
the  mineral  homllthilc,  whidi  is  in  clcavaMt*  praiiiHaixl  fitlicr  Mack 
or  greenish  black  in  color.  Tho  f(>l(lsi>ar  may  be  orthoclase  or  oligo- 
clase,  and  sonu'tinios  tin-  (juait/  is  ix-ai  iy  wanting. 

(2.)  Hvi  KKiTE. — (jraiiite-like  in  texture,  and  of  rather  dark  color, 
oolutisting  of  cleavable  loAfodoriu  ({  55,  usually  dark  and  dull  in 
color,  either  grayish,  reddish,  or  brownish,  with  Iwight-oolored 
internal  reflections)  and  hypersthene  (a  lamellar  cleavable  variety  of 
pyroxene,  ^  G5  [U] ).  A  common  rock  in  the  Asoio  of  northern 
New  York  and  Canada. 

(S.)  DioaiTB,  or  Qbbbvstoxb. — Bosomhlos  syoBlto  ia  ap|WBfBBOO  sad  gnuralBr 

crystalline  texture,  but  contains  little  or  no  quarti :  it  OOatiBtM  of  hornblende 
and  albite  or  oligoclaso  (a  triclinic  feldspar).  The  rock  is  therefore  whiti-^h, 
speckled  with  black  ur  grecni.th  black.  It  is  very  tough.  Sp.  gr.  2.7-2.i).  Gra- 
doBtOi  iBto  a  eompaot  cryptocrystaUlBO  foek  of  a  whitish,  grayish,  or  greeaish 
oolor. 

Porjih^rilic  diorile  has  tho  feldspar  in  distinct  imbedded  crystal.*.  DIorttie 
sehist  u  B  diorite  rook  containing  eomo  miem  and  having  a  eehistose  itriMture. 

(4.)  HoRXBLEKDic  Gneiss. — Rosembles  gneiss  in  schistose  structure, 
but  eontain.s  hornUende  in  place  of  mica.  Zircon-aymite  is  a  syenite 
or  homblendio  gneiss  containing  liroon  with  its  other  constituents. 

(5.)  HoRNBLEXDic  ScBisT. — A  aohiitofo  rook  oonaicting  mainly  of  greealah- 

black  hornblende  with  «utm'  ri  ld^par ;  anotbor  variety,  of  hornblende  and  quarts; 
another  is  nearly  |>uro  horubleude;  another  contains  epidote,  and  i«  therefore  BB 
epidotic  hombieudic  »chiit, 

(0.)  HoBBBLBma  Rock. — voiy  tough,  grBaalBr,o*7itBUlBO  rook,  oonabtlBg 

of  hornblende.  Bad  hardly  schistose  in  structure.  Color,  greenish -black  to  black. 

(7.)  AcTixoi.iTK  Rock. — A  tnu<;b  ri>ck  made  of  interlacing  fibres  of  actinolito. 
Color,  grayish  green.  A  variety  from  iSt.  Francois,  Canada,  afforded  T.  S.  Uunt 
(Logan's  Report  for  1853-66,  p.  445) — Silica,  52.30,  magneaia,  21.50,  protoxyd 
of  iron,  6.7ft,  liaio,  15.00,  Blamiaa,  1.30,  oxyd  of  nlokol,  a  tiaec^  water,  S.10  ^ 
90.0S. 

CS.)  Pyroxkxite  (Cherzolitr,  Awjt'te  Jlock). — Coarsc  or  fine  granular  pyroxene 
rock,  consisting  of  granular  pyroxene  of  a  green,  grayish  green,  tu  brown  color, 
oftoB  Streaked  or  elonded  witfl  darker  or  Ughtor  ihadet  of  oolor.  CMleo  eon- 
talDs,  or  is  ssiecisted  with,  qoarts,  tale,  slsatlte,  and  ealelle. 
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(t.)  DiABASB.— A  mftMlTe  honibl«iid«  nKk,  for  A»  moit  put  flne-graiiiad  in 
testui^  lutTiag  a  grayUh-grecn  tu  grccoi^ih-bluok  color.  It  iB  liko  dioritc  in 
eomporition,  ezMpt  that  the  feldipar  if  leas  Abandant  and  U  «itlwr  labcadorite 

or  oligodaM. 

(10.)  Atmjumm^AjhuaU  oouiila  OMialy  of  honiMoiido,  with  mnm  Md- 
ipar,  and  diffm  ftom  tho  aboTo  in  having  a  rwj  eompaot  or  ovon  a  flinty 
ap(>earanco.  OoloT,  gnjiih  fiMD,  grMttiih  whlti^  or  gnj.  It  hai  boon  oallod 

born-rook. 

Aphofiito  is  sometimes  slaty  in  structure,  making  an  upkanttic  tlate.  This  rock 
in  the  horablendie  aeriei  oorreiponds  to  argillite  in  Um  miea-bMiring  terief.  It 
ig  diitingniahod  Uom  argillita  hj  iti  greater  apeeifle  graTity. 

3.  FddqMtMe,  Epidotkt  ond  Garnet  Moeh  having  the  matt  cr  baie  eompaet 

{(CryptoayHaUine), 

85.  Tho5c  feM^patble  roolu  may  bo  dimply  folditpalhic,  or  the  base  may  bo 
partly  hornblcndio  or  quartjtose.  When  they  contain  hombk-ntle,  gnnict,  or 
Ofidote,  it  is  ^parent  in  the  higher  specific  gravity.  (1.)  Some  of  tho  light- 
eidofed  roelui  ineloded  are  tranalnoent  and  roiy  tongh,  and  eontain  graM-green 
diallago  (eallod  also  maragdile)  in  laaUn«;  tiaoie  are  ealled  tmpkoiidta:  they 
eonsist  of  feldspar,  hornblende,  cpidote,  or  gamot.  (2.)  Others  are  opaque 
sad  often  dark-colorod.  nnd  usually  contain  cryftals  of  feldsipur  di.Hfcniinntcd 
through  the  ma««^  these  are  itorphj/rie;  at  porphtfruid  rockt :  they  consist 
■ainly  of  feldspar.  (8.)  Tho  loelu  oontisting  of  tht  base  of  the  enphotidoi 
without  the  diaUago  are  ealled  pttnriter, 

(I.  Piirpht/roifl  Roekt. 

(1.)  PoRPnrniXE. — Opaque,  or  nearly  su.  Colors,  white,  brown,  red.  In  lustre 
and  fraetore  moeh  resembling  jasper,  ftom  wbloh  it  dilTers  in  being  Aisiblo 
before  the  blowpipe.  Consists  of  fddspar :  someUmos  qoartiose. 

(S.)  FBLMPAB-PonrarnT. — Sane  as  tho  las^  with  disseminated  eiystals  of 
felJi^ar. 

A  <iHartxo«t  variety  of  feldspar-porphyry  has  tho  base  consisting  of  feldspar 
with  some  quarts.  A  Yarietj  of  this  kind  oeenrs  in  eastern  Massaehusetts  near 

Lynn.  CrystAl<«  of  quartz  na  well  a.s  fcld.«par  are  distributed  through  the  niass> 
Col  r-.  br<'wiiii'h-rt'<l  arifl  purplish.    Sporific  prnvity,  2.f>0ft. 

(3.)  UoRMLE.xoic  PoRPHrnr  (Diabase  Porphyry). — The  antique  green  por- 
phyry of  Oreeeo  (southern  H orea)  is  here  inoluded.  Specific  gravity,  2.91-2.9.32. 
Color,  dark  green ;  disseminated  feldspar  orystals,  large,  greenish  white.  Com> 
position  of  the  base:  Silica,  53.55,  alomina,  19.4^.  jir  'toxy.!  of  iron.  7.55,  prot- 
ozydof  manjrane^o.  D.Sf.,  lime,  8.02,  ma<;nosia  anil  alkali,  7.0:5,  water,  2.67.  The 
iron  and  magnesia  indicate  tho  presence  of  hornblende  or  pyroxene. 

Ffnelamitef  or  Poretiain-Jia9per.—A.  baked  elay,  baring  tho  (hMtnre  of  tint 
sad  a  gray  to  red  eolor:  it  is  somewhat  fusible  before  the  blowpipe,  and  thus 
diliurs  from  ja«pcr.  Formoil  by  the  baking  of  clay-berLi  thronj;h  the  heat  from 
istmsive  igncuu.s  dike;*.  .'^u<  h  elay-buds  are  sometimes  bulled  to  a  distance 
of  thirty  or  forty  rods  from  the  dike. 
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(L)  Ortroclase-Petrosilkx.— Color,  whitii^h,  gntniih;  lutn  MBttirluit 
waxy,  dull ;  8|)eciflc  gravity,  2.ft-2.7.  A  green i^h-jrrny  specimen  from  Brittany 
afforded  Berthier — Silica,  76.4,  alamina,  15.5,  pota«b,  3.8,  magnesia,  1.4,  oxjd  of 
bum,  "Llr-mhmm  It  oomMi  of  wth<win»  McUpar,  and  lonM  qmutM, 

(S.)  Ai.sm-PBnotii.BX.— fliallw  to  tho  pvaoedisK.  A  ▼aiMj  tnm  Oriirad, 
Canadn,  afforded  T.  8.  Hunt  (Lognn'o  Report  for  1853-56) — Silica,  78.55, 
alumina,  11.81,  soda,  4.42,  pota.«h,  1.9.!.  lime  0.84,  magnesia,  0.77,  protoxyd  of 
iron,  0.72,  loss  by  ignition,  0.90  —  09.^4.  This  rock  graduates  into  feldspar- 
oaphotldOb 

(3.)  Dioritr-Petrosilbx. — Compact  dioiili^  and  consisting,  therefore,  of 
albitc  nn<i  hornblende.  Color,  grayinh  whito,  grooniah  whita.  Ooenn  itt  Orford^ 
Canada  (T.  S.  Hunt,  Logan's  Report,  18:^3-56). 

(4)  Qabvbt-Pbtbosiuix. — pure,  compact,  garaet  rook,  of  a  whitiih  oolor, 
with  opotaof  dlsMBiiaatod  aupMitiBo.  SpedAe  fravity,  8.S-3.S.  GonpodtkM  of 
tho  base  of  this  rock,  from  Orford,  Canada,  according  to  T.  S.  Hunt — Silica,  38.60, 
alumina,  22.71,  lime.  .'?4.8.1,  magnesia,  0.49,  oxyd  of  iron  and  manganese.  1.60, 
soda  (with  a  trace  of  potash),  0.47,  loss  by  ignition,  1.10  •»  99.80.  Specific  gravity, 
t^S2-S.636.  It  la  osooodiagly  bud  and  tosgh.  OndnBtot  iato  gBnn^ 
mphotido^  A  aimilBr  took  oooon  at  8L  Ffaa^oii^  OBBBda* 


(1.)  FBLDfPAB-BvPBOTniB. — ^Tovgh  oompBotr  Ught-gnoB  or  grayish,  oob* 
siotiBg  of  a  miantely-gruralBr  foldtpaAhio  baao  with  diMibiiwBtod  diallago  or 

■maragditc. 

(2.)  Epiootb-Eupbotidb. — Similar  to  the  preceding,  but  more  tough,  and 
hoBvy.  8p«cillo  gravity,  3.1-44.  Tho  hoao  B  OMBpBot  whitish  o^doto  (oallod 
hitherto  saannrolto),  Booordlag  to  T.  8.  Hont  From  tho  Alpo. 

(3.)  EcLOGiTK,  or  GARXKT-ErpHOTiDE. — Either  whitish,  greenish,  or  reddish; 
rery  tough  and  heavy.  Specific  gravity.  3.2-3..').  The  cclogite  of  Europe  con- 
tains grass-green  smaragdite  in  a  reddish  garnet  bai<c.  The  related  rock  from 
Canada,  aeoordiag  to  T.  8.  Hunt  (Logan's  Report  for  185S-M,  p.  460),  oontaiBt 
grayish  cleavable  hornbloBde  or  pyroxene  in  a  whitish  or  yellowish  baso.  Part 
of  tho  f  aMc  is  in  some  casoB  foldspathio:  iU  low  apooifio  giaTity-^l.S-HMnroi  to 
distinguish  this  variety. 


86.  The  hydroiiB  magnesian  series,  chBraoterised  by  the  presence 
cK  the  hydrous  magnesian  minerals  tafe,  serpentine,  or  ehlorUe  66)t 
ranges  from  a  granite-like  rock  called  protofjine  (containing  the  con- 
stituents of  granite,  excepting  talc  in  ])lAce  of  niita)  down  to  the 
semicry?talline  tnlcoso  and  ohloritic  .slates;  and  al-^o  to  comiiact 
flinty  rocks  near  aphanite.  Besides  these,  there  are  the  serpentine 
rocki.  TbIo  Bad  serpentine  are  silicates  of  magnesia  and  water 
alone,  while  chlorite  oontaias  alumina  and  ozyd  of  iron.  The 
ehloritic  rocks  consequently  abound  often  in  hornblende,  and  are 
frequently  aaaociated  with  rocks  of  the  hornblende  series.  The 


e.  JEbijrikoftVist. 


4.  Hydrmu  Mf^fnmeoi  Seriu, 
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color  of  the  rocks  is  some  shade  of  dull  grayish,  brownish,  olive,  or 
blackish  green.  Speciiic  gravity,  2.4  to  3 ;  or  over  'i  if  coutaiuiu^ 
hornblende. 

(1.)  Pkutooine. — A  granular  crystalline  or  granite-like  rock,  con* 
fbting  of  quartz,  feldspar,  and  talc,  with  sometimeB  booia  mica 
(mkaceoiiB  ptotogine).  The  feldspar  may  he  orthodaae  or  oli* 
godMe,  or  hoth  (hoth  in  the  Alps),  and  is  sometimes  in  distinct 

crystals  (porphjrry).  Color,  grayish  white  or  greenish  white. 
Gnoiseoid  protogine  is  a  gneiss-like  rock,  consisting  of  (luarte, 
fpUl«pnr,  and  tale,  between  talcose  schist  and  gneiss  in  its  charaty 
ten.   Occuni  in  the  Alps. 

(2.)  riii.oRiTic  GvFiss. — A  <;noisfloiii  rock  consistine  of  quartz  nn<I  feldspar, 
and  often  micm,  with  soft  olive-green  granular  chlorite  distributed  through  it  in 
man  patehoa. 

(3.)  Talcose  Schist. — A  slaty  rock,  less  crystalline  than  mica 
whist,  an<l  less  evenly  scliistose,  characterized  by  a  slight  trreasy 
ftfl.  gli>teiung  and  talcose  look  u{>nii  the  surface  of  tlie  -late,  a 
greeniish-gray  or  grayish-green  to  brown  color.  Texture  usually 
near  that  of  argillite,  sometimes  with  quarts  and  feldspar  in  grains 
like  mica  schist.  1 1  passes  on  one  side  into  tehisUae  tale,  which  is  very 
greasy  to  the  feel,  and  is  pure  talc ;  and  on  the  other  into  ai^gillite, 
or  mica  schist.  Frequently  contains  actinolite,  garnet,  staurotide, 
tourmaline,  pyrites ;  and  the  intersecting  or  intercalated  quarts 
often  contains  irold.  * 

(4.)  Steatitk,  or  Soai'stone  GO). — A  massive,  more  or  less 
sclii«io>e  rock,  fine-gmnular ;  color,  gray  to  grayish-green;  feel, 
very  soapy;  composition,  that  of  hue  talc.  Often  contains  crys- 
tab  of  tourmaline  (p.  58),  dolomite,  or  brown  spar  (p.  63),  or  mag- 
netite (p.  65). 

BtmmdmtiitM  It  a  klad  of  foapfllone^  of  eompaot  texture^  sad  either  gray, 
vUtiah,  greaniaby  browalah,  or  ovan  Uaok,  oolor.  For  aa  aaalyala  by  T.8. 
Hunt,  see  Logan's  Eep.  for  1853-56,  p.  48S.  Ooaurs  in  the  towns  of  Fowlor* 
Dc  Kalh,  (lOuvenNWi  and  othen^  St.  Lawianoe  eo.,  N.Y.,  and  also  in  Gren- 
riile,  Canada. 

,  (5.)  Giii/)RiTic  iScniST. — A  more  or  less  slaty  rock,  like  the  pre- 
ceding, but  of  an  olive-green  or  greenish-black  color,  though  some- 
times pale  greenish-gray;  it  is  somewhat  less  greasy  to  the  feci, 
usually  less  shining;  the  chlorite  fine-grainilar  an<l  soft;  sometimes 
in  deep-green  mica-like  scales  or  plates.  Often  contains  black  and 
dark-green  homhlende  in  adcular  and  grouped  crystals  and  Bhrous 
masses,  also  magnetite  in  octahedral  crystals.  Oraduates  into  horn- 

Uendio  slate.  A  rook  of  this  kind  from  Potton,  Canada,  analysed 

T 
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by  T.  S.  Hunt,  has  the  composition  of  oi*dinary  chlorite.  (LogKn's 
Rep.  for  1853-50.) 

(6.)  Sbbfentimb  (S  66). — mftuive  undeavable  rock,  of  dark^green 
to  greeniah-blftck  color,  ctasily  scratched  with  »  knife,  and  often  a 
little  greasy  to  the  feel  when  a  surfikce  is  smoothed.  Although 
genornlly  of  a  dark-green  color,  it  is  sometimes  pale  grayish  and 
yellowish  grcon,  and  mottled. 

A  serpentine  rock  containing  dialla^^c  is  tho  ynbbro  of  the  Italians. 

(7.)  ScHiLUKniTK,  or  Schiller  rock,  Dinllape  rock. — A  dark-green  to  greeniflh- 
Uaek  Toek,  mylo  up  of  Schiller  apar,  and  having  the  following  composition : 
1,  Kinder;  2,  T*  8.  Hunt  (Logm'a  Rq».,  448);  ^  id.  of  tho  pirn 

diaUage:— 

8I0>.    Al*0>.    FoO.     MgO.    CkO.      NHX      3fnO.  HO. 

1   43.00    1.28    13.01*  26.86   ».   0.64    12.43  Kohler. 

S.  Canada......  41.80  8.80  11.05  28.13    7.00  trm  ......     7.60  Hunt. 

3.  Canada......  47.15  8.45    8.73  24.56  11.35  traoa    &82  HonL 

It  ii  often  aeiooiated  with  aerpontine,  oUorito,  nnd  tale-eehirt. 

(8.)  Ophiolitb  (or  verd-antique  marble). — A  variegated  mixture 
of  serpentine  and  either  carbonate  of  lime  {ealeareou$  opMoSte),  do- 
lomite [dofomitir  ophinliU'),  or  Carbonate  of  mapticsia  or  magnesite 
{magnfMtic  ophudiU)»  Color,  dark  green,  mottled  with  lighter  green 
or  white. 

It  often  contains  chromie  iron  apartdy  diMeminated  through  it,  forming 
inegulnr,  blnek.  ."nlnnfftallie  «pot«  :  also  pome  tale.  nHbestus,  !<nhUte  :  and  analysis 
often  doteotn  nickel  aa  well  aa  chrome.  T.  S.  Hunt  haa  found  both  nickel  and 
chrome  {a  the  aerpentinea  or  ophiolltea  of  the  Green  Hovntafai  laagi^  ia  tilMMS 
of  Rozlniiy,  Vt,  New  Haven,  Ct,  Hoboken,  N.J.,  Cornwall,  Bnglaad,  BsalT- 
ahire,  Scotland,  Vo.4gc5,  France.  They  oeenr  also  in  the  pyrosclerite  and  Wi1> 
lianisite  of  riio^ter  co..  Pn.,  and  in  the  antigorito  of  Pieilmont.  Hunt  found 
no  nickel  in  serpcntino  from  Kui«tuu,  I'a.,  Montvillc,  N.J.,  Philipstown,  I^.Y., 
Modnaii  Norway,  Newbaryporty  Maaa^  aad  aom  fnm  the  Atoie  series  of  rooks. 

5.  Hj/droM  Altmhmt*  roekt, 

87.  These  rocka  conaiat  largely  of  agalmatolite  or  pyrophyllite,  and  have  a 
eloee  reeemblaaoe  to  taleoae  aad  aerpentlne  roeka  la  fiaelt  hardaeaa^  and 

pearance. 

Pauophite. — Essentially  agalinnf  olite  f  ^  67)  in  composition.  Its  fine-grained 
texture  and  somewhat  soupy  feci  arc  its  striking  peculiarities.  It  occurs  both 
aa  a  alate  and  rock.  The  name  waa  6rat  given  by  T.  6.  Hont  to  a  variety 
oeenrring  in  northern  Vermont,  and  alludes  to  a  resemblance  in  aapeot  to  aef- 
pentine.  Tlio  dysyntribtte  of  Shepard,  fouad  ia  northern  New  York  (|  67), 
ia  a  rock  variety. 


*  With  soma  oxyd  of  ehromo. 
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PTtoPHYLLiTK  KocK  or  ScHtST. — Lik©  the  preceding  in  appearance  and  soapy 
fftl.  bat  having  the  composition  of  pyrophyllite  67).  The  color  is  white  and 
gnj,  ur  greenish  white.  Occors  iu  North  Ciiroliiuij  one  of  the  varioUea  from 
tlM  Dmp  BiTtr  ngton  U  nied  for  aUte-penoUa. 


6.  Quart:osr  rocks. 

88.  (1.)  Qi  ARTZiTE.  or  Granular  Quartz  Rnrk. — A  very  hard,  com- 
j»act  rock,  consisting  of  <juurtz  grains  or  santl,  and  usually  either 
white,  gray,  or  grayish  red  in  color.  Sometimes  contains  dissonii- 
nated  scales  of  feldspar,  mica,  or  talc,  and  in  that  «asc  is  often 
kminated  or  BohistoM.  It  is  but  a  step  removed  from  ordinary 
nodstone,  and  owes  its  peculiarities  only  to  a  process  of  oonsoUd* 


(1)  Siliceous  Schist. — A  ^chii^tuHc,  tiiuty  quartz  roclc,  not  distinctly  gra- 
Bslsr  in  textm*. 

(S.)  AsKOSB. — A  quarts  rook,  containiag  moeb  eryttsUissd  orUioolsss  dis- 

mainstcd  through  it.    OccurH  in  the  Vowpcs. 

(4.)  Itacolcmite. — A  vohiatuec  quartz  rock,  consisting  of  quartz  grains  with 
tak  or  mica.  On  account  of  the  talo  or  miea  in  the  lamination,  the  finer  kind 
■  MMliBiM  flexible^  sad  is  eilkd  fluUhim  aand^ome,  Oeenrs  oftea  in  fold- 
regioni  associated  with  talcose  slates. 

(5.)  Ja.sper  Rock. — A  flinty  Jtiliccou.i  rock,  of  rluU  red,  yellow,  or  green 
sslor,  or  some  other  dark  shade,  breaking  with  a  smooth  surface  like  flint  It 
ssadrts  of  qvsrts,  with  mow  or  Isss  day  sad  ozyd  of  iroa.  Tks  rsd  eontsins 
<hs si^  of  iioB  la  sa  aahydroos  state,  the  jsUow  ia  a  hydrous:  on  bnraiag 
the  latter  it  turns  red. 

A  (Inll-precn  •'htrt  iOr  impure  flinty  siliceous  rock)  from  Cap  Rou^;e,  Canada, 
Afforded  T.  ii,  ilunt  (Logan's  Report  for  1853-56) — cilica,  77.^1),  alumina,  H.iO, 
pwloxyd  of  iroa,  2.79,  0.7S,  aMfassiSy  3.85,  soda,  1.88,  potash,  1.88,  loss  by 
ignition,  4.40  99i28.  Psii  of  tho  silica  noariy  31  par  seat — ^was  ia  tho  eon- 
ditioD  of  npal. 

(6.)  BrBRSTONE. — A  cellular  siliceous  rock,  flinty  in  texture.  It  is  used 
for  millstones.  Found  mostly  in  ooaasetion  with  Tertiary  rooks,  and  formed 
sffforaatly  ftom  lha  astlon  of  siUoaovs  solntioas  on  pra-ezistiBg  fossiU> 


7.  Iron-Ore  roek». 

89.  Spicvlab  Iron-Ore  {HemalUe)  andMAONino  Ison-Obi  occur  as 

rocks  of  considerable  thickness  among  the  metamorphic  rocks,  espe- 
cially the  hornblendic  and  chloritic  kinds.  Tliere  are  srliistoso  or 
laminated  a»  well  as  massive  varieties.  These  iron-ore  beds  o<'cur 
^-.Tten-sively  in  northern  Xcw  York,  Canada,  Michigan,  and  Mis- 
•*ouri ;  also  in  Sweden  and  elsewhere.  Their  alternation  with  chlo- 
niic  and  other  schists  and  gneissoid  rocks  shows  that  th^  are  meta- 
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mor|i)iir  as  well  u.s  iho  schists.    Titanic  irofHtre  oocuTs  in  great  beds 
ot"  likf  t'x It'll t  in  Canudii.    (See  |  72.) 
FraHkliuite,  an  iron-lino  ore,  is  olao  one  of  the  metamorpbio  rocks  in  northern 

3.  Calcareous  Rocks. — Carbonates  and  Sulphates. 

90.  (1.)  Massive  Lixeston'E. —  JJnrrmtalline  Limcstonr. — Most  lime- 
stone has  been  formed  from  sheilii  and  corals  ground  up  by  the* 
•eti<m  of  the  sea  and  afterwards  consolidated.  The  colors  are  dull 
gray»  bluisK  brownish,  to  black.  The  composition  is  usually  the 
same  as  that  of  caldte,  eor&onate  ^  Sme  (|  09),  except  that 
ritiesy  as  day  or  sand,  are  often  present.  In  taactnre  they  vary 
from  an  earthy-looking  limestone  to  a  V€«y  compact  semi-crj'stal- 
lino  one ;  and  from  this  kind  the  passage  is  gradual  also  to  the 
true  cn  stuUiiu!. 

(2.)  Mag.nesia.n  or  Dolomitic  Lime.stoxe  ({69  [24]). — Consists  of 
carbonate  of  lime  and  magnesia,  but  in  not  diatinguishablo  in  color 
or  texture  from  ordinary  limestone.  The  amount  of  carbonate 
of  magnesia  present  Taries  from  a  few  per  cent,  to  that  in  dolo- 
mite. Much  of  the  common  limestone  of  the  United  States  is 
magnesian. 

Analyaes  of  magnc»ian  liinostonc.<« : — 1.  Lower  magnosian  (CaleiferoDS  epoch), 
by  D.  D.  Owen;  2,  id.  of  lowtv,  J.  D.  Whitney;  3,  liiilcna  limestone  of  Iowa, 
Whituojr;  4,  Niagara  limestone,  by  Beck;  b,  Carboniferous  limestone  of  Iowa, 


Whitney.  ^ 

St.  Croix. 

1 

ir«w 

Galena. 

a. 

a«ma> 

rillc. 

4. 
Leek* 
pcft. 

i. 

]lt.Tleft 

•ant. 

48.24 

62.47 

52.01 

75.65 

57.15 

Carbonate  of  magnesia.... 

43.43 

42.13 

42.25 

30.70 

39.24 

1.78 

2.75 

0.08 

4.43 

2.74 

2.S5 

2.18 

Oxy<l  of  iron  and  alumina 

6.14 

0.87* 

0.38 

Ox.  iron  0.35 

1.06 

0.40 

and  loss  1.05 

O.Slf 

»9.»6 

100.00 

100.00 

100.00 

99.94 

In  some  limefltonc<(  the  fossils  are  magneiian  limcstonp.  while  the  rook  is 
^common  limestone.  ThuH,  an  Orthoccras  in  the  Trontun  limestone  of  liytown, 
Canada  (which  is  not  magnesian),  afforded  T.  S.  Hunt — Carbonate  of  lime,  56.00, 
esrbonato  of  magnolia,  37.80,  oa^nato  of  Iron,  5.05  —  99.75.  The  paU-yoUow 
Tolas  in  the  Italian  black  marble  called  "  Kgyptinn  marble"  are  doloaita^  as- 
cording  to  T.  S.  Hunt,  and  a  limestone  at  Dudswell,  Canada,  is  similar. 

(3.)  Hydbauuc  LiMssTONi. — ^An  impure  or  earthy  limestone,  con- 


*  Alkalies  and  loss.  f  Carbonate  of  soda  and  trace  of  potash. 
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taininp  snmf  clay,  nnd  affording  a  quicklimo  the  comont  mndo  of 
which  will  set  under  water.  An  analysin  of  a  kind  worked  ut  Kon- 
dout,  N.Y.,  afforded  Beck-XMonio  acid,  34^,  lime,  25.50,  mag- 
DMtt,  12.35,  silica,  15.37,  alamiiia,  9.13,  seaquioxyd  of  iron,  2.25. 

(4.)  OdUTB,  or  OouTio  Liiusioiti. — roek  oontliting  of  minute 
concretionary  spherules,  and  looking  like  the  petrified  roe  of  fish: 
the  name  is  from  the  Greek  uov,  egg.   It  is  sometimes  magnesian. 

(5.)  Chalk. — A  white,  earthy  limestone,  easily  leaving  a  trace  on 
A  Mard.    Composition,  the  same  as  that  of  ordinary  limeston«>. 

(t'l.)  M\Ki.. — A  clay  containing  a  largo  proportion  of  oarhonate 
of  lime, — fionictimes  40  to  50  per  cent.  If  the  marl  couisists  largely 
ci  shells  or  fragments  of  sh^s,  it  is  called  thdl-^marl, 

(7.)  Shell  LiMBSvoNB. — Otndlmatone. — rock  consisting  of  shells 
oreonds. 

(8.)  BiKOSBTB  LiMBSTONE. — A  compact  limestone  having  crystal- 
line points  disseminated  through  it. 

(9.1  TnwERTixr. — K  ma.«»ivp  hni  porous  liraeatonp,  formed  by  deposition 
from  (iprin?'^  or  streams  holdinjj  oiirhonatc  of  limu  in  Bolution  in  the  .-tafe  of 
incMbonatc.  Tho  rock  abouodii  on  tho  river  Anio,  near  Tivuli,  and  it  ia  there 
oed  as  a  hafldlag-istarisl.  8t  Peter's,  si  Rone,  ia  eoiutnwtod  of  it.  Ths 
mmm  is  a  eonraptioii  of  TSbmHim, 

(10.)  Stai  AOMiTK.  pTAT,.\rTTTK. — T)epo<>ition»  from  waters  trickling  throagh 
the  ro<if«  of  limestone  caverns,  form  pendent  calcareous  cones  and  cylinders 
from  the  roofs,  which  are  called  stalactite,  and  incrustations  on  the  floors,  which 
««  eslled  ttoln^m/te.  The  Isyors  of  snoceuiTO  dopodtion  are  naaaily  dlatinet»  and 
Make  the  matt  ri:il  :i ['pear  banded.  They  aie  rarely  trnni<parcnt,  usually  translu- 
ecat  to  aabtranslnoent  or  opaqac^  and  white,  grajrUh,  or  faint  yellowish  in  color. 

2.  OytlaUme  Lime^ime, 

91.  OaAjrrLAR  Limistomb  (|  69)  (Statuary  Marble). — ^Limestone 
hnying  a  crystalline  granular  texture,  white  to  gray  color,  often 
clouded  with  other  colors  from  impurities.  The  impurities  are 
often  mira  or  taic,  trcmolite,  white  or  iTrnj/ pwnrenet  dt  scajyoHtr ;  some- 
times srrprntinr,  through  combination  with  which  it  passes  into 
ophiolite  (I  H)).  clioTnliodite.  apatite,  covundtim. 

rX:)ix)MiTE. — Not  dibtinguuihable  by  the  eye  from  granular  lime- 
stone (2  69). 

3.  Omm&itg  ^  SvfyhaU  ^  Lime, 

92.  Grpsim .-^olphate  of  lime,  as  described  in  (  70.  The  earthy 
Idnds  often  contain  the  crystailiaed  mineral  in  spots  or  fissures; 
and  in  many  piaees  it  is  associaterl  with  anhydrite,  or  sulphate 
of  line  containing  no  water  (|  70  [27]).  The  borate  of  magnesia. 
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(BorcM)t  and  PolyhoUte,  are  often  found  in  gypsum-beds ;  also, 
rarely,  hydrous  borate  of  lime  {Ha^ne)^  as  in  Nova  Scotia. 

Gypsum  is  deposited  from  seanirater;  but  the  gypseous  rocks 
appear  generally  to  have  been  foi  med  by  the  action  of  sulphuric 
acid  (from  fleromposition  ol"  sulphurcts  or  volcanic  vapors)  on 
limestoiit'  or  <-arf.<.nate  of  lime.  'I'ho  ui  timi  drives  oif  the  carbonic 
acui  uiid  makcii  su/jjJuilc  of  lime,  ur  i/j/psum. 

4.  Igneous  Rooks. 

93.  Igneous  rocks  arc  those  which  have  been  ejected  in  a  melted 
state  t'ither  from  voh  aiiocs  or  through  fissures  in  tlic  eurtli's  crust. 
As  the  erystiillizing  of  sujierhciul  deposits  may  produce  rocks  like 
those  that  are  of  true  igneous  origin,  the  same  iipecies  in  a  few 
oases  occur  in  both  divisions.  Thus,  there  are  metamorphic 
diorite  and  porphyry,  as  well  as  igneous  diorite  and  |»orphyry. 
The  igneous  rocks  differ  from  most  of  the  metamorphio  series  in 
the  absence  or  very  sparing  occurrence  of  quartz. 

There  are  two  sr'ries  of  igneous  rocks. — the  ftlilspoihlr,  liuving 
light  colors  an<l  Ix'iii;^  of  low  specific  gravity,  and  the au^'c,  having 
dark  colors  with  liigh  specific  gravity. 

1.  Fchlspathic  serifs. — Consisting  mainly  of  a  feldspathic  base,  with, 
often,  disseminated  crystals  of  some  kind  of  feldspar,  or  of  horn- 
blende or  pyroxene.  Color,  white,  gray,  bluish  gray,  graybh 
brown.  O.  =s  2.4~2i).  Occasionally,  as  in  the  porphyries,  dark  red 
and  brown.  The  light  colors  and  low  specific  gravity  are  owing 
to  the  absence  or  sparing  dissemination  of  iron. 

2.  A<"fifi''  srr'n's. — Consisting  of  feldspar  and  liornblentle  or  augite 
(gr<  cuisii-l»lai'k  oi-  black  pyroxene).  Color,  dark  gray.  <lark  gray- 
ish brown,  dark  greenish  brown,  greenish-black  to  bhurk.  0.  —2.0 
-3.6.  The  high  ^>eoific  gravity  and  dark  colors  are  owing  to  the 
presence  of  iron  as  magnetic  or  titanic  iron,  or  as  a  constituent 
of  the  augite  or  hornblende. 

1.  Felebpatkie  Seriss, 

94.  (I.)  FsLDsrATUtc  Tkap.— A  rode  ooatifting  of  erystalliied  feldspar,  and 
fometimes  called,  frum  iti  color,  white  trap.   Vurietiea  occurring  in  Canada 

hare  a  whitish,  grrayish.  or  pnlc  ycllowij^h  colr)r,  nlno  a  palo  fnven  color.  Com- 
position of  a  variety  from  ('hnnil>ly.  rann<la,  according  tu  T.  £>.  Hunt  (Logan's 
Ke{».  for  1853-56),  consi!«ting  oi  nrthiirlitur,  us  follows  : — 

810*.        Al<ai.       rt^O".      CaO.       NaO.        KG.  Ignition. 

1.  Ciystali.  M.15      19.76    0.95      A.19      7.68      0.M  —  100.1S 

2.  Paste.....  07.60      18.30      1.40      0.40      6.86      6.10      0J6  -»  06.06 
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OnUia  dilnt  in  the  Montiwl  MomUin  an  of  thto  Mnd,  except  that  in 
■MM  tU  ftU^MUr  i»  A  soda  IbMapar.     Found  also  at  Laehine.  A  aliaUar 

rock  occurs  in  Australia  in  Prospect  Tlill,  near  Pariunatta,  New  South  Wales. 

(2.)  Puui'HVKT. — A  rock  the  mass  or  base  of  wliich  is  a  compact  unelcavable 
feldspar,  cuQtuiuing  dissemiuated  cr^'stald  of  feldspar  (ortbucloiie  ur  oligoulase), 
girbif  it  an  appaaranoo^  whmi  polished,  of  being  spotted  with  white  or  some 
pile  color,  tbc  spots  rectangular  or  nearly  t>o  in  form.  Color,  base  grayiflb, 
parpli.*h.  to  deep  rod  and  brown  ;  and  crvHtals  either  largo  <>r  niiniite.  The  fcld- 
tpkT  cither  orthoclaso  or  oligoclasc :  luica  or  horiiblcudo  aumetiiues  preaenU 
Specific  gravity  of  the  red  antique  porphyry,  2.62-2.77> 

This  roek  eloaely  rasembles  tma  metamorphle  potphyry,  like  that  from  the 
Tieinity  of  Boston.  Tha  antique  fraen  porphyry  of  Graaoa  is  diabase  por- 
phrrT      f^b).    G.  ^  over  2.9. 

Much  of  the  so-called  porphyry  of  the  Andes  and  Mexico  is  a  porphyry  con- 
^OBicrate,  in  which  both  the  pebbles  and  base  are  spotted  with  feldapur  crya- 
tsls,  and  tlie  texture  looks  homogoDeoos  until  elosely  examined. 

(3.)  pHo?fOLiTE  (Clinkstone). — ("'inipact.  of  grayish  blue  and  other  shndrs  of 
eo'rir,  more  or  less  schistose  or  slaty  in  structure  ;  tou;^h,  and  cliukiii';  iiniicr  the 
hammer  like  metal  when  islruck,  wheucu  tho  name.  Often  eontuius  dissemi- 
BBled  erystals  of  glassy  feldapar  and  hornblende,  and  sometimes  mioa.  Oon- 
tiata  of  glaeiy  feldapar  (orthoclase  or  oligoclu^o),  with  ncphclino  or  u  zeolite 
(^M).  Action  of  muriatic  acid  seynratcs  it  into  ii  soluble  and  an  insnhiblo  state, 
th«  former  inclucling  all  the  ncphclino  ur  zeolite.  Aualy.^is  by  Jonzach  of  the 
Bohemian  phonolite, — Silica,  56.28,  alumina,  20.58,  lime,  U.4C,  soda,  9.07,  potash, 
iMf  lithia,  0.06,  protoxyd  of  iron,  2.80,  protoxyd  of  manganese,  1.45,  magna- 
#ia,0.32.  titanic  acid,  1.44,  phojiphorlo  acid,  0.29,  loss  by  ignition,  1.29.  clil  -rino, 
0.54,  sulphur.  0.112  :  from  wliich  he  (lc<luccs  that  it  consists  of  .'>:5..'».')  of  ;;Uissy 
feldspar,  31.76  uf  ncphclino,  with  some  hornblende  and  sphcno  (ncphclinc  or 
ssolite).  Other  phonolitea  eonsiat  of  18  to  IM)  per  cent,  of  soluble  silioate. 

CotmoH  /^oaofi'fe.— Sehistose,  without  distinct  feldspar  crystals,  and  eontain- 
inz  :i  7r'>lite  di-'-^'Mitinated  through  the  mass,  whiok  Ib  usttally  regarded  as  an 

ef^ential  ingredient  of  the  rock. 

A  peculiar  feldspathic  igncoua  rock  occurring  at  Laehine,  in  Canada,  having 
a  reddish,  fawn-eolored  base,  brittle,  0.^3.414,  and  H.«  5,  eonsists,  like  pho- 
■elite,  of  fel<ls|):ir  (orthoclase)  und  a  seolite  (probably  natrolite)  in  nearly  equal 
paHs.  It  foruid  dikes,  and  IS  in  the  same  region  with  the  dikes  of  white  trap 
mentioned  in  2  94  (1). 

ForpkyritSe  Floaoilte.'->Containing  disseminated  glassy  feldspar  cryatala. 

Phmu^itie  £am.— Differing  from  traohyte  in  being  more  cellular  and  in  not 
baring  the  peculiar  rouirbiif-s  of  trachyte  over  a  surface  of  fracture. 

(4.)  TiiAi  HYTr. — Color,  ]tiile  grayish  blue,  rarely  greenish,  yellowish,  red- 
dish ;  texture  peculiarly  rough  to  the  feel,  and  usually  porous.  Often  contains 
disasminated  crystals  of  glassy  feldspar  and  hornblende,  and  some  little  free 
quarts,  also  mica.  O.  2,6-2.7.  ])eeompo8ed  by  the  action  of  muriatic  acid 
into  a  soluble  and  an  insoluble  silicate,  tho  former  in  less  proportion  than  in 
clinkstone,  or  10  to  14  per  cent.  Composition  of  the  whole  (froiu  Drachcnfeis), 
according  to  Abicb, — Silica,  67.09,  alumina,  1j.64,  potash,  3.47,  soda,  5^08, 
Hmcy  2.25,  oxyda  of  iron,  AM,  magnesia,  0.08,  protoxyd  of  manganese,  0.16, 
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tllanie  Mid,       wftter,  «tA.,         In  othwrfy  fUlo*  fomt  61  to  07  per  osot. 

of  the  whole. 

Trni-hiitic  lava. — A  very  oellulnr  trnchytc. 

Jjomiie. — An  earthy  friable  triu:hytc,  trom  Puy  de  Dome,  Auvergne. 
SltUff  tradtgte, — Stnieture  sohiatose. 

Porpkjfritie  frod^rff.— CoBUining  diMominoted  eryatal*  of  glosty  feldspar, 

often  without  any  hornhlendo. 

Graniiuid  trnchjtr. — A  granulMT  aggresato  of  glaasj  fel<Upar,  hornblende^  and 
mica.    Approached  diuritc. 

Bombhmdie  trachyte. — Containing  maoh  hornblende  In  dieaeniBated  oiyatala. 

(6.)  PuMiOB. — ^Verj  light,  porona,  with  the  pores  mlBoto,  eapiUaxy,  and 
parallel.  Crjlor,  pale  grayish,  graeniiih,  ydlnwish.  nn<l  sumctimcs  of  darker 
shades.  It  is  u  kind  of  poroufl  trachyti".  rontuin.x  iVJ  tu  per  cent,  of 
silica,  and  probably,  therefore,  some  free  quartz,  (jompooitiou,  according  to 
Berthier, — Siliea,  70.0,  alominay  10.0,  aesqidosc]^  of  iron,  0.5,  liM^  2.5,  pot- 
ash, 6.5,  water,  31.00 98.50.  Abieh  obtaiBod  0.21  per  eenL  of  soda,  and  8.08 
of  potash. 

Often  c<>ntain!<  glassy  feldspar,  and  sometimes  hornblende,  mica,  leuoite. 
(0.)  OasiDiAir. — A  roleanie  glass,  taking  its  oharaetara  fkroBi  the  eoaipositlon 
of  the  voloanio  lavaa.  The  lavas  eooliag  slowly  form  stony  lava,  aad  oooliBg 

rapidly  a  plns.«y, — the  two  hcinn;  different  oonditions  of  the  same  suhsitHncc. 

Obsidian  c<»nnt'cte<l  witli  fVM.-ipathic  Invas  is  cither  polid  or  shif^-Iiki- ( scoria- 
eeous),  and  in  color  bronu  to  greenish- block  and  black.  A  Me&icuu  variety 
afforded  yanqnelin— Siliea,  78,  alumina,  10,  potash  aad  soda,  0,  Uiae,  1,  seoqni- 
oxyd  of  iron,  2,  id.  of  manganese,  1.6  ~  98.6.  Another,  from  Tclki-Banya» 
aflnrilo>l  Krilniann — Silica.  71.80,  alumina,  12.40,  potash  and  .stxla.  0.40.  lime, 
1.^6,  sesquioxyd  of  iron,  2.0:i,  id.  of  manganese,  1.31,  magnesia,  O.VU  —  99.80. 

S^ernlitic  obn'dimi. — Contains  small  feldspatbio  conoretions. 

(7.)  PiTonaTora  (Retiaite). — An  imperfeetlj-glaBsy  Toleanio  rook,  pitch>Iika 
in  appi  ir  ince,  and  uf  various  colors  from  gray  to  black,  through  greenish, 
reddii^h,  and  hrownish  shades.  It  contninn  70  to  7.")  per  cent,  of  silica,  and.  in 
some  of  the  published  analyses,  8  to  lu  per  cent,  of  water.  Delesse  obtained 
(Boll  Soe.  OooL  de  Fraaoe,  1858,  p.  105)  for  a  pitobstone  fh>m  Saatn  Matolia— 
Siliea,  02.50,  alnmina,  10.59,  protoxyd  of  iron,  3.17,  id.  of  Buuiganese^  0.55^ 
Ubm,  1.16^  magaesia,  2.20,  potaah,  8.48,  soda,  iM,  water  and  oigaaie  matter, 
8.90  —  99.83. 

(8.)  Pearlstone. — Near  pitchstone,  bnt  less  glassy  and  more  pearly  in 
Ivftia:  nmially  grayish  In  eolor,  also  yellowidi,  browaiah,  aad  roddiah.  The 
peenliar  pearly  appearance  is  due  to  an  intimate  mixture  of  a  portion  of  the 
roek  in  the  glassy  stale  with  another  larger  portion  in  the  .•'tony  state.  It 
often  contains  spherical  concretions,  called  apheruiitet,  which  consist  of  feldspar 
with  aa  eseese  of  qnarta.  The  siliea  Tariee  from  08  to  80  per  eeat.  An  aBalysia 
by  Brdmann  of  a  variety  ftrom  HUaiok  afforded — Silica,  72.87,  alumina,  12.05,  soda 
and  potash,  0.18,  Umo>  i>80,  magnesia,  1.10,  seaqaioj^d  of  iron,  1.75,  watw,  3.00 
«  98.20. 

(9.)  Melapbtr. — Closely  related  in  Ita  eonneetions  to  dolerite  and  basalt,  bnt 
eonsiatlng  of  eompaot  labradorltOr  aad  having  a  speoilie  gravity  aot  abovo  2.7. 
Color,  raddidi  gray,  graaaiah  blaokisb,  aad  sometimas  mottled.  Dlfllmat  rodca 
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hnvc  U^n  included  under  thii  name.  Some  that  hare  been  called  trap  are 
here  included. 

2.  Augitic  or  JSasaltie  &ri98, 

95.  (1.)  DioRtTR. — Similar  to  the  metAmorphio  diorite,  but  nauallj  the  horn* 
blende  lea?  ahnndant  and  the  fel<l«par  lej*!*  finely  develnjirii.  Color,  f^rayish 
white.  A  Tanvty  consisting  of  hornblende  and  anorthitv  constitutett  »ome  of 
OettkMor  Cwada.  (T.&Hut.) 

(1)  DOLBMTB  (  Tirapf  in  part). — Textnro  ojitalline-grmnalar  to  erjrptoorya- 
tallinp  (the  fine  rarict}'  often  called  annmenite).  Color,  dark  pray.  preenij«h  and 
browtiMh  black.  Con»it(t.>4  of  labradorite  and  augitei  with  often  magnetic  iron. 
Siimrtimea  columnar.    G.  ~  2.7ih-3. 

Porpkyriti9  ifplen'i««^pMkM  with  ei78talf  of  ftld^MTt  or  irilli  Mdapar  aad 
ngila^  or  with  angite  alone. 

Amyijdulaidnl  doleritr. —  Containing  nodules  of  zeotitoS^  ohlofit^  QlUtrtl^  Of 
ealcitc.    Includes  much  of  tho  so-ralbMl  (imtfifdnlmd. 

Another  variety  contains  the  augitv  iu  black  cryKlul.s. 

DoteriHe  kun. — Straotmo  Moriaeeoiu  or  Tory  ooUnlar. 

(S.)  Baialt. — Like  dolerito,  bnt  less  granular  than  the  eoanor  dolorito^  and 
centring  nUn  chry<>oiito  hi  fnins  looking  like  fiwn  glaai.  Coflq»aot.  Often 
eehimnar.    G.  =  2.9-;5.2. 

Porpkyritic  ba*aU. — iSpecklcd  with  crystals  of  feldspar. 

Awty^daUiidal  ftaMi(,-->Cont«ining  angrgdali  of  uoliteip  ole.  ({  68). 

BttMnltlc  2aea«— SeoriaoeottB  or  very  eolliilar.  The  lara  may  bo  porphyritio 
with  feblxi>ar  or  augite  erystaia. 

(4.)  Lia  t  iToi'iiya. — dark-grayish,  finc-grainod.  cellular  volcanic  rock,  con- 
sisting of  augite  and  leoeito  with  some  disseminated  magnetic  iron.  It  is  the 
lava  of  VoniTiaa.  The  leuelto  ia  either  in  whitlah  gralni  or  in  trapeaohodral 
etyttab  (mo  {  Bf),  and  ia  diiaeminatod  like  the  iiildapar  eiyitala  in  a 
pf»r|>hyrT. 

(3.  )  NEPHEtlxiTE  {XepheliH-iicI'  rite). — A  crystalline,  granular  volcanic  rock, 
eoniisting  of  nepholine  and  augite,  with  some  magnetic  iron,  the  nepheline 
partly  in  diatinet  orystala.  Color  of  the  eoaraer  kind,  grayiah  or  whiUah; 
of  the  finer,  dvll  aKh-gray. 

The  tufa"  and  conglomerate.^  of  volcanic  regions  are  noticed  on  y.  74. 
Waekt  is  an  earthy  rock  made  of  basaltic  earth  partially  compacted, — a  kind 
of  talk 

((.)  Basaltic  OMUnAW. — ^Tho  niMslTO  obeidian  of  Kilaoea,  Hawaii,  a  rogion 
of  haaaltic  lavas,  contain.^  22  \>vr  cent,  of  protoxyd  of  iron,  and  the  capillary 
(Pfl^'f  hair)  |.vr  ront.  The  light  scoria  of  the  crater  is  an  impure  voloanio 
glass,  very  much  intlated* 
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11.  CONDITION,  STRUCTURE,  AND  ARRANG£M£NT 

OF  ROCK-MASSES. 

96.  The  rock-masses  of  the  globe,  or  terrainat  as  they  are  called, 
occur  under  three  conditions:  (1)  the  ttroHJled,  (2)  the  unHraii/ied, 
and  (3)  the  twin  condition.  Under  eaoh  there  are  different  pecu- 
liarities of  STBUcnriut  and  of  abranobmknt. 

1.  STRATIFIED  CONDinON. 

Under  this  head  the  subjects  for  consideration  are: — 1.  The  na- 
ture of  stratification :  2.  The  structure  of  layers ;  3.  The  positions 
of  strata, — ^both  their  nnturnl  positions  and  dislocations;  4.  The 
general  arrangement  of  strata,  or  their  dironoiogioal  order. 

1.   Nature  <</  .Sfriiflfinifiiin. 

97.  Stratiti«'(l  rocks  aro  those  wliirli  are  made  up  of  a  series 
of  layers  or  strata.  The  annexed  sketch  represent^j  a  section 
of  the  strata  as  exhibited  along 

Qenesee  Riv^r,  at  the  falls  near 


Bochester.  The  whole  height  of 
the  section  is  4()0  feet  At  bottom 
there  is  a  tliiek  stratum  of  sand- 
Stone  f  1) ;  next  al)ove  it  lies  a  liard, 
gray   layer    III),   which   has  h«Mn 


called  tlie   fr'rm/   I{(nu/.     Upon  this 

rests  (3j  a  tliiek  h«'d  of  greenish  shale,  a  fragile,  imperfectly 
slaty  rock.  Next  (4)  is  a  compact  limestone  forming  a  wide- 
spread stratum  resting  on  the  shale.  Above  this  (5)  is  another 
greenish  shale,  much  like  that  below.  Then  (6)  is  another  great 
stratum  of  limestone;  then  (7)  another  thick  bed  of  shale;  and, 
finally  (8),  at  the  top  is  a  limestone  wholly  ditierent  from  those 
liclow.  The  transition  from  one  stratum  (o  .uiother  is  quite 
ahriijit.  and.  moreov<M-.  each  may  be  traced  for  a  great  distance 
throu^'li  tlie  adjoininjr  country. 

Throughout  far  tl»e  larger  part  of  America  and  all  the  other  con- 
tinents the  rooks  lie  similarly  in  layers,  so  that  stratified  rocks  are 
of  almost  universal  distribution.  They  make  up  the  most  of  the 
Appalachians ;  cover  nearly  all  of  New  York ;  underlie  the  great 
plains  of  the  Ohio  and  Mississ?]>pi ;  occur  over  the  larger  part  of 
the  slopes  and  summit  of  the  Rocky  Mountains, along  much  <^  the 
Pacific  border,  as  well  as  the  Atlantic;  and  exist  as  red  sandstone 
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in  the  Coimeetieat  valley.  They  are  the  prevailing  rocks  of  Bri- 
tain, indnding  within  their  series  the  ohalk,  oolite,  ooal  strata,  and 
otiien.  Tbej  oocur  over  nearly  all  Europe,  spread  throughout  the 

great  plain.>i  of  Russia,  through  Asia  nearly  to  the  top  of  the  Hima- 
layas, South  America  in  many  phices  to  the  summit  of  the  Ande8, 
ami  throuijh  Africa  and  Australia.  Those  stratiti<'<l  rocks  ai  c  in  strik- 
ing contrast  witii  the  un>tratiticd, — ^'lanitc,  tor  cxanijilc.  which  may 
show  no  appearance  of  layt-rs  even  through  heightb  of  a  thousand 
feet  or  more.  Many  volcanic  masses  of  rock  are  unstratified.  Yet 
the  volcanic  mountain  has  usually  a  «fra/i/f((»/arrangement,  successive 
layers  of  lava  and  volcanic  sand  or  earth  being  piled  up  to  make 
the  eone.  Even  among  crystalline  rocks  the  distinction  of  strata 
may  often  be  made  out,  although  much  disguised  by  changes  in 
the  nourr*e  of  their  liistory. 

Tlie  succe<-.ioii  <>1"  strata  in  stratified  rooks  is  exceedintrly  various. 
Ill  the  section  iriv.-n,  th<-re  an-  alternations  of  limestones,  shales, 
and  sandstone.  In  others,  as  at  Trenton  Falls,  N.Y.,  there  are 
gnly  limestones  in  sight;  but  were  the  rocks  in  view  to  a  much 
greater  depth,  sandstone  strata  would  be  seen.  In  still  other 
regions,  there  are  alternations  of  conglomerates  and  shales ;  or 
conglomerates  with  shales  and  ooal-beds;  or  conglomerates  with 
limestones  and  sandstones ;  or  shales  and  sandstones  alone. 

The  thickness  of  each  stratum  also  varies  much,  heinj;  hut  a  few 
feet  in  some  cases,  and  hundrctls  of  feet  in  others;  jiiid  the  same 
Ktnitum  may  change  in  a  few  miles  i'nmi  l<>i)  f.-rt  to  10.  or  disap- 
pear altogether.  In  the  Coal  formation  of  Nova  Scotia  there  are 
14.000  feet  of  stratified  beds,  consisting  of  a  series  of  strata  mainly 
of  sandstones,  shales,  and  conglomerates,  with  some  beds  of  coal; 
and  in  the  Coal  formation  of  Pennsylvania  there  are  6000  to  7000 
feet  f»f  similar  character. 

Ds.  A  i  ter  these  illustrations,  the  following  definitions  will  be 
understood! . 

a.  Stratification. — A  succession  of  rock-layers,  either  of  the  same 
or  of  different  kinds. 

6.  A  t^er, — single  member  or  bed  in  a  stratified  rock.  It  may 
be  thick  or  thin,  and  loosely  or  strongly  attached  to  the  adjoining 
layers.  In  the  section,  fig.  60,  the  limestones  4  and  6  consist  of  a 
great  numher  of  la.v<  .  . ;  and  in  all  limestone  regions  many  are 
piled  together  to  make  the  jzroat  mass  of  limestone. 

c.  A  stratuw. — The  colh-ction  of  layers  of  one  kind  which  form  a 
rock  as  it  lies  betwe*  n  l,eds  of  other  kiinls.  In  the  section  re- 
ferred to  (tig.  tiO),  the  limestones  4,  (i,  and  the  sliale  masses  3,  6,  7, 
we  each  a  Mtratum.   A  itaratum  may  consist  of  many  lai/ers. 
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d.  K  formation. — A  series  of  strata  comprising  those  that  belong  to 
ft  single  geological  aye  or  a  single  period,  or  Sttbdivisioil  of  an  age, 
and  which,  consequently,  have  a  general  similarity  in  their  fossilt 
or  organic  remains.  The  Cotdfmrma^  indndes  many  nbraia  of  sand- 
stone, shales,  limestones,  and  conglomerates. 

'^'bile  this  ia  alwsya  the  general  idea  connected  with  the  letsi  famathn,  the 

ii.xc  itf  it  is  not  unifiinii.  (J(M>li(;;is(}i  !<j>ealt  of  (he  Silurian  formation,  Devonian 
furmation.  Carboniferous  (or  Conl)  formation,  etc.,  making  each  cover  a  geo- 
logical <ijfe.  But  thej  often  apply  the  term  also  to  subordinate  parta  of  these 
fomatioiM.  That,  under  Silvriaa  we  have  the  Upper  SUmriam  /wwmHam  aad 
the  Loteer  SHurian  fonnatiun  ;  nn<l  unil<-r  each  of  these  there  are  eubordinats 
formations,  as  the  Trentun  /nntnitinu,  intliHliii}:  f'cvernl  strata  of  (he  Trenton 
period  in  the  Lower  Silurian;  the  Xiagnrn  j<>r„i,iil»ii  for  tlic  lower  part  of  the 
Upper  SUnrina.  Theee  sahdiTiaiont  einbraco  generally  uinny  strata,  aad  haw 
•trfltuig  peeulisritiea  is  their  ofganio  renalni ;  and  henoe  this  nw  of  the  word 

/ormatton. 

e.  A  iram  is  a  thin  layer  intercalated  among  tlio  layers  of  a  rook, 
and  (littVriiig  from  tljcm  in  composition.  Thus,  thfro  nro  soams  of 
coal,  of  (|uartz,  of  iroii-oro.  Koni.t  hocomo  //r'/\,  or  are  so  calknl, 
when  they  are  of  considerable  thickness  ;  as,  for  example,  coitl-bcds, 

99.  These  strata,  which  constitute  so  large  an  extent  of  the 
earth's  crust,  have  been  formed  mainly  by  the  action  of  water.  As 
^e  ocean  now  makes  accumulations  of  pebbles,  sand,  and  muddy 
flats  along  its  borders,  and  muddy  bottoms  for  scores  of  miles  in 
width  nlniijr  various  sea-shores.  so  it  fonncd  V)y  the  same  means 
maiiy  of  the  strata  of  sand  and  clay  whi<'li  now  constitute  the 
eartli's  rocks;  and  in  this  work  tlie  sea  oftt  ii  lia<l  the  advantage, 
in  early  time.s,  of  sweeping  widely  over  the  just-emerging  continent. 
Again,  as  the  rivers  bring  down  sand  and  mu<l  and  spread  them  in 
vast  alluvial  flats,  making  deltas  about  their  mouths  thousands 
of  square  miles  in  area,  so  in  ancient  time  beds  of  sand  and  day 
were  accumulated  by  these  very  means  and  afterwards  consolidated 
into  rocks.  Again,  as  shells  and  corals,  by  growing  in  the  ocean 
where  shallow,  under  the  action  of  the  waves,  produce  the  accumu- 
lating and  risin;;  eoral-reel"  some  liundredsof  miles  loni:  in  the  pn"^ 
sent  age,  so  in  former  ages  shells  and  corals  grew  and  multiplied  and 
made  coral-reels  and  shell-rocks,  and  these  old  reefs  are  tlie  lime- 
stone strata  of  the  world.  The  agency  of  water  and  life  in  these  great 
results  is  particularly  considered  under  Dynamical  C^logy. 

2.  Sinirtiiri:  of  Imi/cts. 

The  structure  of  layers  is  due  either  to  the  original  deposition 
of  the  material,  or  to  subsequent  changes. 

100.  (1.)  Xiads  of  atmotara  and  f"*-Mrgf  originating  in  tho 
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act  or  mode  of  deposition. — The  kinds  of  structure  are  illustratod 
in  the  annexed  figure,  and  are  as  follow: — a,  the  masmc;  b,  the 
lAo/y;     the  laminated;  d  and  /r,  the  compound  or  irrecfxdarli/  balded. 

Fig.  61. 


These  terms,  excepting  the  last,  have  been  already  explained  (g  80). 
The  moMve  is  especially  characteristic  of  pure  sandstones  and  con- 
glomerates. But  if  sandstones  are  argillaceous,  that  is,  contain 
awne  clay,  they  are  laminaial,  op  break  readily  into  slabs,  like 
ordinary  flagging-stones ;  and  the  thinness  of  the  flags  increases 
with  the  amount  of  clay.  A  clayey  rock  is  usually  shall/  or  an  im- 
perfect 9lat«. 

The  compound  gtruetiire  is  of  three  kinds, — the  beach  structure,  the 
dlhaytd-Jlov}  structure,  and  the  sand-drift  structure. 

In  the  beach  structure,  as  exemplified  in  d,  the  subordinate  layers 
are  very  irregular  in  thickness  and  extent,  often  thinning  out  at 
short  intervals  and  varying  from  pebbles  or  stones  to  sand  and 
clay.  This  structure  is  observed  in  any  sea-beach  where  a  cut  haa 
exposed  its  interior  arrangement. 

In  the  ebb-and-Jiow  structure  {c),  the  bed,  although  it  be  but 
a  few  feet  thick,  consists  of  layers  of  various  kinds,  some  of  which 
are  horizontally  laminated,  and  others  obliquely  so  with  great 
regularity,  as  in  the  figure.  The  succession  of  members  indicates 
frequent  changes  or  reversals  in  the  currents  during  the  deposi- 
tion. Such  changes  attend  the  ebb  and  flow  of  the  tides  or  tidal 
currents  or  waves  over  a  shallow  bottom. 

In  the  sand-drift  structure  (/),  the  layers  consist  of  subordinate 
fMirts  of  verj'  various  lamination,  one  dipping  in  one  direction  and 
another  in  another,  as  if  a  laminated  hillock  made  by  sand  drifted 
by  the  winds  on  a  coast  (for  such  sand-drifts  are  always  in  layers) 
had  been  partly  carried  away,  and  then  other  layers  been  thrown 
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over  it  by  the  drifting  winds  at  a  new  inclination,  and  this 
violent  removal  and  replacement  often  and  variously  repeated. 
Fig.  Gl/,  representing  this  mode  of  structure,  is  from  Foster  Jb 
Whitney's  Report  on  the  Sandstone  Rocks  of  Lake  Superior. 
Fig.  61  c  is  also  from  the  same  work, 

101.  Ik'sides  these  kinds  of  structure,  there  are  markings  in  the 
strata  which  ur«M»f  rrhitcd  origin. — viz. :  ripjile-marks,  wave-marks, 
rill-niarks,  nmd-cracks,  and  rain-drop  impressions. 


Fig.  62.  Fig.  63. 


(1.)  Rippk-marh  (tig.  02). — A  series  of  wavy  ridgelets,  like  the 
ripples  on  a  sand-beacli. 

(2.)  ^Vavc-mark!i. — Faint  outlinings,  of  curved  form,  on  a  sand- 
stone layer,  like  the  outline  left  by  a  wave  along  the  limit  where 
it  dies  out  ui)on  a  l)cach. 

(3.)  Rill-nuirkx  (tig.  <"».{). — Little  furrows  made  by  the  rills  tliat  flow 
down  a  beach  after  the  rctreatijig  wave  or  tide,  antl  which  become 
apparent  especially  wliere  a  pebble  or  shell  lies,  the  rising  of  the 
water  upon  tlie  pebble  causing  a  little  plunge  over  it  and  a  slight 
gullying  of  the  surface  for  a  short  distance. 

(4.)  Miul-craeks  (figs.  (U  and  05). — Cracks  intersecting  very  irregu- 
larly the  .surface  or  a  portion  of  a  layer,  and  formed  by  the  drying 
of  tlie  material  of  the  rock  when  it  was  in  the  state  of  mud,  just 
as  a  mud-flat  left  exposed  to  the  drying  sun  now  cracks.  The 
original  cracks  are  usually  filled  with  a  material  harder  than  the 
rock,  so  that  when  it  becomes  worn  the  surface  has  a  honeycomb 
appearance,  from  the  prominence  of  the  intersecting  ridgelets,  as 
in  fig.  65.    Moreover,  these  ridges  arc  generally  double,  the  filling 
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having  beon  Kolidifiod  against  cither  wall  of  the  crack  until  the 
two  sides  met  at  the  centre  and  became  more  or  less  perfectly 


Fig.  64.  Fig.  65. 


unite^l.  S]iecinl<^n.s  of  rock  thus  honevconibe<l  are  sonietiin<  >< 
called  septaria  (from  septum,  partition);  but  the  term  i^jjiltlc  used 
in  science. 


Fig.  C(i. 


(5.)  Rain-prinU  (fig.  GO). — RouiuK'd  pit?*  or  (lcpre!»sions,  mado  by 
drops  of  rain  on  a  surface  of  clay  or  half-dry  nuid.  On  a  revcrsetl 
Uyer  the  imprejisions  appear  raised  instead  of  depressed,  being 
CMt«  made  in  the  pits  which  the  rain  had  forniiMl; 

(6.)  There  are  also  markings  which  are  attribute*!  to  the 
Jhwing  of  thick  mud.  There  are  others,  produced  apjiarontly  by 
small  eddyinps  of  water  in  clay  or  mud  which  work  out  concavities 
that  afterwards  become  filled  with  clay  and  look  as  if  made  by 
the  valves  of  shells. 

102.  (2. )  Klnda  of  atrncture  not  properly  a  result  of  deposition, 
and  mostly  of  aubaequent  origin. — The  kinds  of  structure  here 
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included  are  (a)  tlie  concreiionary,  {b)  the  jointed,  and  (<?)  tlie  slaty. 
They  are  produced  either  in  the  process  of  consolidation  or  during 
subsecjuent  changes. 

103.  a.  The  Concretionary  Structure. — This  kind  of  structure  has 
been  briefly  explained  in  \  80,  and  is  here  further  illustrated. 

Fig.  07  is  a  sphere, — ^a  very  common  form.  Tlie  sphericity  is 
frejjuently  as  perfect  as  in  a  bullet  or  cannon-ball,  though  usually 
more  or  less  ovoidal,  and  sometimes  quite  distorted.    The  size  varies 
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from  a  mustard-seed  and  less  to  a  foot  or  more ;  and  generally  those 
that  are  together  in  a  layer  of  rock  approach  a  uniformity  in  size. 
They  often  have  a  shell,  or  a  fragment  of  a  plant,  or  some  other 
object,  at  the  centre.  In  other  cases  they  are  hollow  and  filled 
with  crystals.    The  structure  is  often  in  concentric  layers. 


Figs.  68  to  75  aro  views  of  Bcctions  showing  the  interior.  In  68  thoro  is  a 
fossil  shell  as  a  nucleus ;  in  some  oftses  a  fossil  fish  forms  the  interior  of  a  con- 
cretion. 

The  structure  in  fig.  68  is  represented  m  Bolld  without  concentric  layers.  In 
fig.  69  the  structure  is  concentric,  the  layers  cither  firmly  adherent  or  easily 
separating.  In  70  a  variety  with  a  radiated  structure  is  shown,  consisting  of 
crystalline  fibres  diverging  from  the  centre  and  showing  crystalline  apices  over 
the  exterior  surface.  In  fig.  71  the  exterior  ia  concentric  but  the  interior  is 
filled  with  radiated  cryttallitations. 
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&i  If.  72  tb«  interior  U  irregularly  cavornou?,  tus  if  it  had  craolted  ihm  ia 
diyinjf.  In  fig.  73  thero  is  a  similnr  ri'SiiU.  Imt  with  tuoro  nuIlK•r<•lI^■  mul  i^nialler 
cncks,  making  a  reticulation  of  tlicm ;  uud  wticn  tbe«o  crack.i  arc  iiubaQ> 
ijaeotlj  filled  by  CArbonste  of  lime^  heavy  «par,  or  other  material,  by  a  prooees 
of  infiltration,  it  becomes  a  l<ind  of  wjofan'mMy  and  forms  fn-iiuontly  m  heautifol 
object  when  polished.  Somo  flattoned  concretii»n.H  of  thi-  kiiiil  arc  a  yanl  in 
diameter.  In  74  the  interior  \e  irregularly  hollow,  and  tilled  around  with  u  layer 
of  eiystals  (quarts  crystals  are  the  most  eummon  in  anoh  a  condition),  fomung 
vkat  M  edied  •  ^eoebr— »  Uttio  eiyital  grotto.  In  fig.  76  the  •ooneretion  it 
hoUow  and  contains  another  ftmnll  ooneretion.  Thif  variety  i«  not  ttnoonuttOQ. 
They  rattle  in  the  hand  when  shaken. 

fig.  76  a,  b  are  differcat  vii-wri  of  flattened  or  disk-shaped  coneretiona; 
IT  ii  another,  approaching  a  ring-shape;  78,  a  oombination  of  three  flattened 
MBentims ;  79,  aDotheri  whieh  is  iwBwkaMe  for  the  qrminetiy  of  its  oomponnd 
fMSvhileeo  inragnlai; 


Fig.  m.  Fig*  8L 


Tip.  so  IS  part  of  ;i  day  layer  made  up  of  flattened  cnnoretione.  A  concre- 
tionary layer  <>Uon  graduates  inscoflibiy  into  one  in  which  no  conerotions  are 
apparent,  through  the  «oalew«Me  of  tiie  whole.  Ilg.  81  leprosenta  n  look 
Bade  up  of  oonoretionfl  of  the  rise  of  peas,— a  oaleareoos  rock  called  piaoUu 

I'from  pinum,  a  pea).  Each  concretion  has  a  concentric  structure,  the  layors 
e*«ly  [Keeling  "ff.  The  (loHte  (namtMl  from  (Joy,  egg)  .siniilar,  exo  i  t  that 
the  coucrctiond  are  us  i<muil  the  roe  of  fish,  or  oven  aa  line  u8  grain^s 
gf  Mid. 


Fig.  82. 


Hi.  ng.  83  eohiUts  s  oiyitalliaa  rook  with  ipherieal  eoBoretioiia  imbedded 
it  iti  mm  and  not  tepunble  fironi  it,  etch  laywr  (of  the  thiea  lepwwted 


98 


LITHOLOQIOAL  OEOIDQY. 


in  each  eononUoa)  ooiuriitiBg  of  dlffnmt  mlBcrak:  for  ezaaplfl^  garnHt 

ohiiractorizing  tlM  MBtra^/cMipar  tho  middle  layer,  and  mica  the  outer;  and  all 
making  a  Foli.l  ma«.«.  Tho  constitution  of  such  concretions  is  very  rarioa».  In 
rocks  containing  feldspar  they  oeually  conrist  largely  of  feldspar,  and  somo- 
timet  of  foldapar  alone,  or  of  feldspar  with  eome  quarts.  The  coneralioiui  in 
pitehiCone  ud  pearialone  (ealled  tpkwmUttt)  are  almoat  porely  foldtpathie,  aad 
often  separate  easily  from  the  rock. 

105.  Pig.  83  represents  basaltic  columns,  like  those  of  the  Giants'  Causeway, 
having  the  tops  conoave :  at  each  joint  in  the  columns,  in  such  a  case,  there 
would  be  tho  nmo  oooeavity,  a  oonroc  and  oonoaro  aufooo  fitting  neatlj 
logoUier  like  a  hall-and-sooket  joint.  This  tendoiej  to  break  with  ooncare  or 
convex  surfaces  is  another  example  of  oonfrt'tionnry  !"trurtiirp:  and  in  tho 
ezauiplo  referred  to,  each  column  is  an  independent  line  of  concretionary 
solidification  distinct  from  tho  others.  This  concretionary  structure  is  often 
whollj  onobserrablo  in  tho  solid  mudtorod  roolc  Bnt  let  it  liefin  to  doeomposo 
hj  atmospheric  agencies,  and  conoeatric  or  successive  ciu  a\n  layers  boooma 
apparent;  and  xninetime«>  they  are  so  perfectly  developed  as  to  separata  oasOy 
and  afford  thin  plates,  or  an  imperfectly  slaty  structure. 

106.  In  Mno  granite  and  nnditone^  deoompoaltfon  dorelopo  in  liko  manner 
ft  ooneretionarj  atmetaro.  Tho  TOck»  after  partial  altontion,  peda  off  in  oon- 
ccntrio  ImjVltf  and  a  bluff  of  granite  which  has  undergone  tho  change  some- 
times appears  as  if  made  up  of  huge  rounded  bouMcr^<  piled  together,  with  earth 
or  crumbling  rock  between;  in  fact,  each  of  the  unu^ses  rci<embling  boulders  was 
the  eentro  of  a  eoneretion.  A  sandstone  often  looks  like  an  ozeellent  stone  for 
buildings,  which,  after  an  exposure  of  a  fow  months,  will  fidl  entirely  to  pieces. 

I  Complete  itnmersiim  in  wafer  if  often  a  protection  to  such  stone;  an<l  they 
may  frequently  bo  usscd  urchitucturally  for  submarine  purposes  when  not  fit  for 
Btmoturee  ont  of  water. 


Fig.  84. 


Fig.  84  is  a  case  of  concretion  in  ft  snndstonc  nlcngsidc  of  a  small  fi^snre, 
observed  in  Australia.  Tho  two  concretions  measured  twenty  feet  across. 
Thej  oonsisted  of  layers  flrom  half  an  inoh  to  tiro  indies  thiek,  whieb  separated 
nibor  oasUy.  Tha  roek  elsewhere  was  witliont  oonoretiona. 

Fig.  85  is  from  an  argillaceous  sandstone  which  before  consolidation  had  been 
intersected  by  slender  mud-cracks,  and  subsequently,  on  hardening,  each  aroo- 
let  becatnu  a  separate  concretion.  The  action  of  the  sea  had  worn  the  surf^oe 
and  lirottgbt  tho  atraetnia  ont  to  vlaw. 
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107.  The  concretions  in  sandstones  are  usually  spheres  or  sphe- 
roidal, while  thoM  in  argiUaceous  layers  are  flattened  disks. 

Fig.-85. 


In  fig.  8ft  tho  lower  sandstone  \ixycT  (1)  has  no  concretion?  ;  the  other  (3)  con- 
UtDi  spherical  concretions ;  in  the  upper  layer  (4),  an  argillaceous  sandstone,  the 
cracfctioBs  are  tomawhat  flattsnsd  aad  soaleiesnt;  la  the  shaly  layer  (2)  they 
M*  ntj  mveh  flattcaed,  aad  ia  its  lowar  part  ooa- 
teicent. 

Concretions  sometimes  take  fanciful  or  imitative 
thiixis ;  and  every  geologist  hats  had  putrilied  tur- 
Um^  hoauun  boaa^  Anlby  aad  toada  broaght  him, 
which  were  mily  azamplM  of  the  imitatiTe  freaks 
of  the  concrctifinary  process.  Thr  turtles  are  iisuallj" 
what  are  mentioned  as  acp(nrin  on  page  95.  Occa- 
daaally  ooneretieas  taka  long  cylindrioal  forms,  from 
eoBSoIidation  aroond  a  hole  bored  by  a  worm  or  mollaek,  tho  hole  giviag ; 
igetothe  concreting  ingredient:  or  they  derive  their  form  flrOBI  ioaio  rootlet 
or  stem  of  a  plant,  in  which  caso  they  arc  often  branched. 

A  radiated  arrangement  is  common  when  no  distinct  concretions  are  formed) 
as  with  qaarts  eiyatals  la  iiregnlar  eawities. 
Smaetiaee  dilforeat  poiats  beeonw  aeatres  «f  radia- 
tion, produclaf  a  Ideadiag  of  distiaet  radimtioaa,  as 
in  fie.  H7. 

Very  many  of  the  mineral  8pecie«  eboot  into  stellar 
iad  globvlar  rsdiatod  eiystaUiiatioaa  Others,  like 
Rjritee,  readily  eoUect  in  balls  or  nodules  around  a 
foreign  body  a?  a  nucleus,  or,  if  none  is  nt  iiand, 
troand  the  first  molecule  of  pyrites  that  commences 

tke  crystalliMtion.   This  tendency  in  nature  to  eoBeeatrfe  solidiflostioB  is  so 
that  BO  foffeigB  aooletts  is  aeedod.   Tho  iroBron  of  eosl-regioas  is 

in  concretion.-!  in  certain  layers  of  the  Cosl  measures.  The  ronaded 
often  lie  imbedded  in  the  elayey  layer»  or  an  so  aamerons  as  to  ooaleaee 

bto  t  solid  bed. 

10ft.  h.  The  Jovifrd  Structure. — Joints  in  rocks  arc  planes  of  fracture 
or  division  cutting  directly  across  the  stratification  and  extending 


Fig.  87. 
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through  great  depths.  The  planes  of  division  are  often  as  even  as 
if  a  thin  blade  had  been  drawn  through  with  a  clean  long  stroke. 
These  joints  may  be  in  one,  two,  or  more  directions  in  the  same 
rock,  and  they  often  extend,  with  nearly  uniform  directions,  through 
regions  that  are  hundreds  of  miles  in  length  or  breadth.    The  ac- 


Fig.  88. 


companying  sketch  represents  the  falling  cliff's  of  Cayuga  Lake, 
and  the  fortress-shapes  and  buttresses  arising  from  the  natural 
joints  intersecting  the  rocks.  The  wear  of  the  waters  from  time 
to  time  tumbles  down  an  old  surface  and  exposes  a  new  range 
of  structures. 

Traversing  the  surface  of  a  region  thus  intersected,  the  joints 
appear  as  mere  fractures,  and  are  remarkable  mainly  for  their  groat 
extent,  number,  and  uniformity.  In  case  of  two  systems  of  joints — 
the  case  most  common — the  rock  breaks  into  blocks  which  are  rect- 
angular or  rhomboidal  according  as  the  joints  cross  at  right  angles  or 
not.  In  some  places  a  layer  looks  like  a  rectangular  pavement  on 
a  vast  scale.  In  others,  whore  the  lavers  are  thick  and  coarse  and 
somewhat  displaced,  there  is  a  resemblance  to  artificial  fortifica- 
tions, or  cities  in  ruins,  which  is  quite  striking.  The  main  system 
of  joints  is  usually  parallel  to  the  strike  of  the  uplifts,  or  else  to 
the  range  of  elevations  or  mountains  in  the  vicinity,  or  to  some 
general  mountain-range  of  the  continent;  and  the  directions  are 
studied  with  much  interest,  because  of  their  bearing  upon  the 
geological  history  of  the  country. 

The  joints  in  rocks,  when  not  too  numerous,  are  often  a  great 
a<«sistance  to  quarrj'men  in  quarrying  rock,  as  they  afford  natural 
sections  of  the  layers. 

100.  e.  C/cavaf/c,  or  the  Shh/  Stntrhire. — The  slaty  structure — or 
cleavage,  as  it  is  called — is  in  some  csvses  parallel  with  the  planes  of 
deposition  or  beddijig  of  a  rock  ;  and  such  examples  of  it  come  under 
a  former  hejul.  But  in  many  of  the  great  slate  regions,  as  in  that  of 
Wales,  the  slutc-lamination  is  transverse  to  the  bedding,  ns  shown  in 
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f!.'.  SO.  in  which  the  lines  a,  /^  r.  d  show  the  lines  of  bedding,  and 
tiie  (tblique  linos  the  diio  'tif>ii  of  the  slatos.  Whole  mountains 
hare  soin«*time8  this  kind  oi  iil)Ii«jue  or  transverse  iumination. 

The  sketch,  fig.  89,  by  Maiiier, 
a  from  the  alale  region  of  Colum- 
bia ooonty,  N.T. 

Oeearioiiallythe  linMof  d«p«rition  an 
iidieatod  by  a  slight  fl«zn»  in  tlM  dates 

•t  the  spot,  as  in  fiir.  90.  In  other  cases 
thereisa  thin  intonnoiliatc  layer  of  quartz 
leek  or  limcfitoDo  which  does  not  partake 

«f  tke  elaavaga.  Fl^.  91  repreMnta  aa  iatarstratifloatioa  of  olay-layen  vitli 
Haeeteaa,  in  which  the  former  hare  the  daavage,  bat  not  tlia  latt«r,>-4hovg1i  tha 
Uaaitono  aooMtimoa  ahowa  a  tendency  to  It  when  arpillnocous.  Fig.  92  lej^ 


Fig.  90. 


ftVit*  a  rook  with  two  cloavapo-dircction? ;  and  O.'i  a  (iii:irt/.'  -e  .«iunl,-tniir  which 
irregular  clcavagc-linca.  These  la«t  two  caijcs  s^bow  that  the  jointed  structure 
ia  bat  one  aacie^  of  tlio  eleaTage-atniotBie»  and  that  both  hare  the  aamo  origia. 

Fig.  W. 


Sedgwick  first  detected  the  true  lines  of  bedding,  and  asoertainod  that  the 
daty  itraelBia  iraa  one  tliat  had  boea  laperiadneed  upon  the  elayoy  atiata  by 


process  carried  on  since  they  were  first  deposited. 
The  foliated  utrueturp  for  /oh'ntfnii)  of  inira  schist,  pnoi-^",  nn<l  rolntoil  ^flii'^t- 
ew  rocks  appears  to  bo  sometimes  transverse  to  the  bedding,  like  most  slaty 
d«vage.   Bat,  as  in  the  slates,  it  is  not  nniyersally  so,  and  the  rook  in  each 
la^aa  laqahaa  a  apooial  azamination  with  raferaaoo  to  thia  point. 

3.  Posifion.s  of  Strata. 
110.  The  natural  positions  of  .strata  as  formed,  and  the  positions 
resulting  from  the  disturbance  or  dislocations  of  strata,  are  two  dis- 
tiaet  levies  for  oonnderation  in  tiiis  place. 
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1.  TIm  iMtnnd  poiltloiM  of  straU  u  fbniMd.— fitnto  in  their 
natural  poaiftioiu  ave  oommonly  horiiontal,  or  very  nearly  so.  The 

level  plains  of  alluvium  and  Uie  extensive  delta  and  estuary  flats 
show  the  tendency  in  water  to  make  its  depositions  in  nearly  hoiU 
zontal  planes.  The  deposits  formed  over  soundings  along  sea-coasts 
are  other  re:<ults  of  sea-aotion  ;  and  here  the  beds  vary  but  little 
from  liorizontality.  Oil'  the  coast  of  New  Jersey,  for  eighty  miles 
out  to  8oa,  the  slope  of  the  bottom  averages  only  1  foot  in  700, — 
which  no  eye  could  distinguish  from  a  perfect  level.  Am  the  procenea 
of  the  present  period  along  ooaatB  illiiatnite  the  grand  method  of 
rook-aocumutotion  in  past  time,  it  is  plain  that  strata  when  in 
their  natural  positions  are  very  nearly,  if  not  quite^  horisontal. 
Over  a  considerable  part  of  New  York  and  the  States  west  and 
soutliwest,  and  in  many  other  regions  of  the  globe,  the  strata  are 
actually  nearly  horizontal  at  the  present  time.  In  the  Coal  form- 
ation, the  strata  of  which  have  a  thicknes^s,  as  luus  been  stated,  of 
five  to  fifteen  thousand  feet,  there  is  direct  proof  that  the  beds  were 
horisontal  when  formed ;  Ibr  in  many  of  the  layers  there  are  fossil 
trees  or  stumps  standing  in  the  position  of  growth,  and  sometimes 
several  of  these  rising  from  the  same  layer. 
Fig.  94  represents  these  tilted  coal-beds  c,  c, 
with  the  stumps  s,  s,  s.  Since  these  trees 
must  have  grown  in  a  vertical  ])osition,  or 
at  right  angles  to  the  groutul.  like  all  others, 
and  OS  now  they  are  uctuully  ut  right  angles 
to  the  layers,  and  parallel  to  one  another, 
they  prove,  whatever  Uie  present  condition 
of  those  layers,  that  originally  they  were  horisontal.  The  posi> 
tion  of  shell-nccumulations  and  coral-reefs  in  modem  seas  shows, 
further,  that  all  limestone  strata  must  have  been  very  exactly  hori- 
zontal when  they  were  in  the  process  of  formation. 

Fig.  95. 


In  sedimentary'  deposits,  however,  some  variation  from  horizon- 
tality  may  l)e  produced  by  the  slo]>e  of  the  sea-bottom  in  certain 
cases;  an<l  off  th(^  inoutlis  of  riv(M-s  in  lakes  ffi^:.  O'))  (juite  a  con- 
siderable inclination  may  rci^ult  from  the  fat;L  that  the  successive 
layers  derived  from  the  inflowing  waters  would  take  the  slope  of 
the  bottom  on  which  they  fall.  Cases  of  inclined  position  from 
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this  cause  are  necessarily  of  limited  extent,  since  the  conditions 
required  for  the  result  are  not  such  as  are  likely  to  exist  on  a  xery 
large  scale. 

It  follows,  from  these  facts,  that,  unless  strata  have  been  disturbed 
from  their  natural  positions,  th^  order  in  which  they  lie  is  the  order  0/ 
relative  age, — the  most  recent  being  highest  in  the  scries. 

111.  (2.)  DUlocatlonB  of  strata. — Strata,  although  generally  in 
horizontal  positions  when  formed,  are  in  most  regions,  at  the  present 
time.  tiUcd,  or  inclined,  and  the  inclinations  vary  from  a  small  angle 
to  vertirality,  or  even  beyond  vertioality.  They  have  been  raised 
into  folds,  each  fold  often  many  miles  in  sweep  and  equal  to  a 
mountain-ridge  in  extent.  They  have  been  crumpled  up  into 
groups  of  irregular  flexures,  one  fold  or  flexure  succeeding  to 
another,  till  like  a  series  of  wrinkles — and  necessarily  coarse 
wrinkles— on  the  earth's  surface.  Every  mountain-region  presents 
examples  of  these  flexures,  or  u[)lifts;  and  most  intermediate  plains 
have  at  least  some  undulations  in  conformity  with  the  system  in  the 
mountains. 

In  connection  with  all  this  uplifting,  there  have  been  frac- 
tures on  a  grand  scale ;  and  strata  tlius  broken  have  been  dis- 
placed or  dislocated  by  a  sliding  of  one  side  of  such  a  fracture 
on  the  other,  through  varying  distances  from  a  few  feet  to 
miles,— one  side  dropped  down  to  this  extent,  or  the  other  side 
shoved  up. 

The  subject,  then,  of  the  dislocations  of  straUi  is  an  important 
one  in  Geolog}'.  The  liistory  of  the  continents  and  their  mountain- 
ranges,  as  well  as  of  all  tlieir  strata,  is  involved  in  it. 

112.  Upfi/ts,  Folds,  Dislocations. — The  following  sections  illus- 
trate the  general  facts  respecting  these  uplifts,  folds,  and  dis- 
locations. 

Fig.  96.  Tig.  97. 


Fig,  OG  represents  a  i)art  of  the  Coal  formation  broken  and  dislo- 
cated, the  beds  (the  coal-beds  1  and  2  and  the  other  layers)  boing 
changed  in  direction  as  well  as  disjoined  in  the  fracturing.  Fig.  '.>7 
j|  another  example  of  similar  kind  and  greater  extent,    c  is  the 
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coal-bed.  If  i<  })rok'  11  I  v  tin*  lino  1 1.  which  in  hero  n  wide  fissure 
tilled  by  rock,  and  uhv  by  r  r,  another  tissure  tilled  by  eartli  from 
ftboye.   Fig.  08  is  an  actual  section  of  a  part  of  tbo  Appalachians, 


VI    V  VI  V  iT^lU  B 


six  milo^  in  lontrtli,  showing  the  foldings  and  contortions  of  the 

strata  in  tho«'  nionnlains. 
Some  of  the  kinds  of  flexures  and  curvatures  are  shown  in  the 

Fig.Ml 


annexed  figures  a-e,  to  appreciate  which  it  must  be  understood 
that  these  flexures  may  be  each  from  a  few  feet  to  scores  of  miles 
in  extent,  that  they  form  undulations  over  vast  regions,  and  some- 
times make  lofty  mountains. 

The  two  slopes  of  a  fold  may  be  alike;  or,  as  in  n.  r.  d,  one 

may  bo  much  st<'opor  than  the  other.  The  line  a  x  shows  the 
])osition  of  the  axial  plane  of  the  fold  in  each  case.  The 
ridfie-litu*  of  a  fold  may  be  horizontal,  but  more  commonly  it  is 
incline<l  and  reaches  <:radually  its  greatest  elevation.  Moreover, 
one  fold  or  flexure  in  the  rocks  may  succeed  to  another,  or  they 
may  form  interrupted  series*  Such  are  some  of  the  variouB  oon* 

Fig.  100. 


ditions  which  have  been  observed,  especially  in  mountainous  re- 
gions. Fig.  100  lepresenti  a  section,  by  Logan,  from  the  Aaolo 
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Tor]i<  of  ( '.mat la.    The  folded  rocks  are  often  overlaid  by  others  of 

Ho.  In  describing  the  positions  of  strata,  the  following  t^rms 
are  used: — 

a.  Outcrop. — ledge  or  mam  of  rook  coming  to  the  surface,  or 
cropping  out  to  view  at  the  surfftce  or  above  it  (fig.  101). 


Fig.  101. 


h,  D^.— The  slope  of  the  strata,  or  the  angle  which  the  layers  • 

make  with  tin-  plane  of  the  horizon;  as  ap  (fig.  101).  The  dire^n 

of  thy  ifip  IB  the  j  nidt  of  tlie  compasH  towards  whioli  tin-  strata 
.«Ioi>r :  for  example,  the  (tip  may  he  25°  to  the  toutheast,  or  iij°tothe 

ve^U  and  so  on. 

c.  *Strilr. — The  direction  at  rit.'lit  aiiulcs  witli  th<>  iV\]\  or  tlio 
course  of  a  horizontal  lino  on  the  surface  of  the  inclint  il  beda, 
mil, 

The  oatcropping  edges  are  sometimes  called  baasd  edtfes. 

d.  AwUeUnal, — An  atUieUnal  ridge  is  a  ridge  made  of  strata  sloping 

in  opposite  direetions,  as  a,  b,  c,  in  fig.  99.  An  anticlinal  axis  is 
thp  axial  or  ridtie  line  of  sueh  a  ri<l^<' :  it  lies  in  the  axial  plane  a  x. 
Tiie  word  anticlinal  is  from  the  Greek  avrt,  i^paaie,  and  lUtvut  I 
wdine. 


Fig.  102. 


*.  ff^mffinaK — A  .titvrJinnJ  vallty  is  a  valley  formed  by  strata  sloping 
doimward  from  either  t»ide,  as  the  middle  part  of  tig.  99  b  ;  and  a 
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synclinal  axis  is  tho  axial  line  of  the  valley,  in  the  plane  a «.  The 
word  is  from  (tw,  (ixjet/wr,  and  K?.ivtj,  I  incline. 

114.  Tho  (lirtctinn  of  tho  strike  is  ascortainod  by  moans  of  a  i»ocket- 
compass.  and  tlio  dij}  w  ith  an  instrumont  callod  a  cUnoniotor.  Two 
instruments  of  this  kind  ure  represented  in  tig.  1U2.  abed  is  biiuply  a 
square  block  of  wood,  with  a  graduated  arc  e  b,  the  centre  of  the  aro 
being  at  a  point  near  a.  From  a  pivot  at  this  point  a  plummet  or 
pendulum  is  hung.  On  pladng  thesidee^fon  an  inclined  plane 
(A  B)  the  an^e  is  marked  off  by  the  pontion  of  the  pendulum, 
which  of  course  hangs  verticaUy. 

A  elinometer  of  this  kind  is  often  combined  with  a  poeket-oompass,  fiio  pon- 

dulum  boinf;  hung  from  its  centre.  Thi.-*  is  the  most  convenient  kind  of  cli- 
nometer. If  there  is  a  hhick  lino  marking  horizontality  ncrof*.s  the  face  of  a 
clinometer  of  thin  kind,  tho  angle  may  bo  taken  by  holding  the  instrument 
botwoon  the  eye  and  the  dipping  edges  that  are  to  be  mearared,  and  patting 
this  black  line  parallel  with  these  edges;  the  pendulum  will  mark  the  angle  of 
dip.  In  the  snmo  manner  the  dope  of  the  outline  of  a  distant  hill  or  movntaia 
majr  bo  mensured. 

The  other  clinometer  has  tho  form  of  a  foot-rule  jointed  at  the  middle. 
There  is  a  lerel  at  A,  by  which  the  leg   •  it  brought  to  a  horitontal  line  while 

the  other  lies  on  the  inclined  plane.   The  angle  between  them  it  read  off  on  a 

graduated  nro  near  the  joint.    At  t  a  small  comp&!<8  is  attuohed. 

In  using  any  clinometer,  it  ia  well  to  place  a  lung  strip  of  board  upon  the 
layer  of  took,  lest  the  nnevenness  of  snrfaee  lead  to  error. 

Fauffs. — FuultH  are  dislociitions  of  the  strata  in  the  plane  of  a  frac- 
ture»  as  seen  in  the  coal-lay ers^,  figs.  *.)(>,  07  ;  and  the  amount  of  fault 
is  the  amount  of  dislocation.  We  may  say,  for  example,  a  ilMilt  of 
ten  feet,  or  one  thousand  feet,  or  of  five  miles,  and  so  on,  aooording 
to  the  extent  of  it  as  ascertained  by  actual  measurement. 


Fig.  108. 


115.  Complexities  in  straOficd  dcposiU  arising  Jroni  denuiiation  and  other 

agenda. — By  the  denuding  action  of  waters,  tteata  are  removed  over 

Fig.  104. 


extensive  territories,  the  tops  or  sides  of  folds  are  carried  away,  and 
various  kinds  of  sections  made  of  the  stratified  beds,  which  are  often 
perplexing  to  the  student. 
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One  of  the  mmplest  of  these  eflfeeto  is  the  entire  removal  of  the 
ndEs  orer  wide  intervals^  so  that  the  oontinuation  of  a  staratom  is 

met  irith  many  miles  distant*  as  in  figs.  103,  104. 

The  result  is  more  troublesome  among  the  flexed  or  folded  strata. 
A  ries  of  close  flexures,  like  tig.  lOo,  worn  off  ftt  toj*  down  to  th«» 
line  a  b,  loses  all  appearance  of  folds,  and  seems  like  a  series  of  layer^ 


dipping  in  a  common  direction.  This  is  best  seen  from  a  single  fold 
(ig.  106  a).  If  tiie  part  above  the  line  a  b  were  absent,  the  five  layers 
would  seem  to  be  a  single  regular  series,  with  1  as  the  top  layer,  3, 3^ 

the  middle,  and  V  the  bottom  one  ;  whil»>  the  fact  is  that  1  and  l-'are 
the  same  layer,  and  >\/.V  is  actually  a  double  one.  In  a  number  of 
?uch  folds  the  same  layer  whiclj  is  nuub*  twn  in  on<>  ff>ld  would  be 
doubled  in  every  other,  so  that  in  a  dozen  tolds  tliei-e  would  seem  to 
be  twenty -four  wiien  in  fact  but  one.  A  mis^take  iui  to  the  order  of 
neoesrion  w<Mild  therefore  be  likely  to  be  made^  also  as  to  the  num- 
ber of  distinct  layers  of  a  kind,  and  also  as  to  the  actual  thickness 
of  the  middle  layer.  Instances  of  a  coal-layer  doubled  uptm  itself^ 
like  3,  and  of  others  made  to  appear  like  many  distinct  layers, 
occur  in  Pennsylvania.  On  this  point  i^>ecial  fiKsts  are  mentioned  in 
the  chapter  on  the  Coal  formation. 

Other  Affseta  of  denndation  are  •zsmplilsd  ia  the  sketeli  llg.  08.  The 

ttratam  No.  III.  is  a  folded  one,  with  its  top  partly  removed;  the  layer."  within 
•  short  distance  dip  in  oppoaito  directions.  The  layer  No.  IV.  tu  tho  left  is 
the  came  with  IV. tu  the  right;  but  they  are  widely  disjoined  and  very  different 
h  direction.  Again,  V.  Ii«e  npon  the  top  of  the  higlioat  nunmit,  nearly  horlo 
sontiilly,  and  in  a  shallow  basin :  yet  it  is  part  of  the  stratum  V.  to  tho  left, 
which  i'  obviou.-^ly  much  fdlded.  Tho  observer  find."*  it  neceWary  to  study  tho 
klt«rDationa  of  the  beds  with  great  oare,  in  order  to  succeed  in  throwing  into 
ijitcm  all  the  faets  ia  sneh  a  regtoa.  IThe  eo«l«regkH»  of  Pena^lvaalai  the 
whole  Appalaebiani,  all  New  Bngtand,  aad  mneh  of  Qreat  Britain  and  Bnropc^ 
OlaiCrate  theee  eomplezitiee  ariilng  from  fleanrea  and  denudation. 

116.  There  i*  dilhculty  also  in  ascertaining  tlie  true  dip  of  strata 
from  exix>sed  sections.  In  fig.  107,  stur  is  the  upper  layer  of  an 
oatcropping  ledge  of  rock,  dp  the  line  of  dip,  4t  Uie  strike.  The 
ledge  shows  Ibur  sections  1, 2, 3, 4.  On  1  the  edges  have  the  same 


Fig.  m 


Fig.  106  a. 


Fig.  106  k 
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♦  (lip  as  d p,  but  on  2,  3,  nnd  4  the  nnplo  as  obtained  from  tlio  ox- 

|K>sod  edges  would  bo  diflbront ;  and  on  the  the  edges  would 
be  lioi'izontal,  or  nearly  so.  Tlius  all  sections  except  the  one  in  the 
direction  of  the  true  line  of  dip  (or  at  right  angles  to  the  strike) 
would  give  a  false  dip.    By  finding  the  surface  of  a  layer  exposed  to 


Fig.  107. 


view,  the  true  direction  of  the  dip  or  slope  may  be  ascertained  and 
the  error  avoided. 

117.  The  following  figares  (fig.  108)  still  further  illustrate  this  subject,  by 
showing  the  variations  of  direction  that  may  bo  obtained  from  the  sections  of  « 
single  folded  ridge.  For  simplicity  of  explanation,  the  fold  is  supposed  to  be  a 
symmetrical  one,  though  with  the  ridge-lino  or  anticlinal  a.xip  {n  6  in  A)  inclined. 
In  A  the  section  is  vertical;  but  to  obtain  from  the  mcusurcmcnt of  the  exposed 


Fig.  108. 


edges  the  true  dip,  it  should  have  the  direction  of  the  arrows,  that  is.  be  at 
right  angles  to  the  ttrike ;  for  the  layers  fold  over  the  ridge  in  this  direction. 
In  B  the  section  is  very  obliquely  inclined;  in  C  it  is  horizontal,  and  the  edges 
show  nothing  of  the  actual  dip;  in  D  the  section  follows  the  line  of  strike;  in 
E  it  is  obliipie  behind;  in  F  it  is  an  oblique  section  on  one  side;  and  in  G  a 
vertical  sectit)n  in  the  axial  plane.  All  of  these  sections  give  wrong  results  to 
the  clinometer, — a  section  in  the  direction  of  the  arrows  in  fig.  A  being  the  only 
one  Id  which  the  dip  of  the  exposed  edges  is  the  dip  of  the  layers  or  strata. 
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if  tteuis  «f  tba  fdd  aiakn  a  very  small  angle  with  the  horiwni,th«a  the  two 
Mm  ia  ehoriiental  Motioii  (■neh  m  maj  nmlt  flrom  denttdetimi)  will  be  mmh 
eloDj^atod  (flg.  108  I),  instead  of  short  as  in  flg.  C;  and  if  the  uxi^  is  horizontal 
Iho  two  iides  will  not  meet  at  all,  and  the  fact  of  the  existence  of  a  fold  is 
not  apparcoU  Even  in  the  former  cash  tUoro  might  bo  difficulty  in  dotor- 
■jaiag  the  fkwt  of  »  fold,  if  the  part  whore  tlio  aidof  miito  were  ooBoealed 
bm  view  by  the  soil  or  otherwise.  But  In  each  ease  there  maj  be  oridenoo  of 
a  Md  hi  the  order  of  the  bods  in  the  two  aldefl  j  ios  thia  order  on  one  aide  wonld 


be  Jait  the  reverse  of  that  on  the  other.   Iff  in  fig.  I,  c  e  repreient  a  eool  or 

iron-orr  bed  having  its  border  d  more  impure  than  tho  rest,  this  border, 
if  it  were  on  tho  eaft  Bide  in  one  half  of  tho  fold,  would  bo  on  tho  weat  aide 
in  tbe  other  half. 

Ihe  diflonlUea  in  the  wi^  of  oorreet  ohaerraUon  on  folded  rooka  are  farther 

abaooed  when  the  axial  piano  of  the  fold  is  inelinedy— especially  when  it  ia 

M>  inclined  that  both  sides  of  the  fold  have  the  Mjunc  dip  (fig.  106 «).  Still 
clo^r  fimly  is  required  when  aeverel  folda  are  irregularly  combined,  as  is  oom- 
BOQ  in  nature. 

Ibis  important  anbjeet  may  be  fiuther  atndied  bj  nnitinf  aheeta  of  difbrant- 
mbmd  card-board  together,  bending  them  into  a  fold,  and  then  cutting  them 
tbieagb  in  diierent  direotiona. 

118.  DithrHeni  of  /oMtb^ThMe  uplifts  of  the  rooks,  besides 
diitarbing  tiie  strata  themselves,  cause  distortioii  also  in  im- 
bedded fossils,— either  (1)  a  flattening  from  simple  pressure,  or, 
in  addition  (2),  an  obliquity  of  form,  or  else  (3)  a  shortening,  or  (4) 
•a  ehmgation. 

Ihe  following  tgarei,  Arom  a  paper  by  B.  Sharpen  illnatrate  some  of  these  dis- 
tortions occurrinjjc  in  a  slate  rock  in  Wales.  They  represent  two  species  of  shells, 
the  Spiri/er  di'</ti!i'  (nt  ffipjs.  1  to  4)  and  tho  Spiri/rr  g{(jant''»ii  (figs.  5  to  8). 
Fig.  1  is  the  natural  form  of  ii.  ditjunctua  ;  the  others  are  distorted.    Tho  lines 
ssihow  the  Unas  ofalaaTagaia  Iho  slate;  2  lies  in  the  look  inoUnod  flO«  to  the 
iImni  of  eioavaga^  and  ia  diortened  one-half;  S  laj  obliqnely  at  an  angle  of  10^ 
or  15°:  it  ia  shortened  above  the  middle  and  lengthened  below  it;  1  i?  a  east, 
the  u[>|K  T  part  pressed  beneath  that  shown,  while  the  lower  id  much  drawn  out; 
&  is  like  S,  the  angle  with  the  cleavage-plane  being  less  than  5° ;  the  lower  part 
bm  lost  ito  plianlioaa  by  the  piosnm  sad  eartension ;  6  has  a  aindlar  angle  to  the 
diavase*]^aa%  b«t  a  difbrant  position }  7  Interaeeta  the  elaaTage-plaae  at  only 
1°,  and  its  lower  part  is  very  much  prolonged.    Compression,  a  sliding  of  the 
r«ek  at  the  oleavage-planea,  and  mote  eopeoiaUjr  a  spreading  of  the  rock  it»olf 


Fig.  108  L 
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under  the  presaare,  are  the  causes  which  hare  produced  these  distortions. 
UuiTalves  and  all  fossils  are  liable  to  become  similarly  misshapen  under  the 
same  causes. 


Fig.  109. 


119.  Calculating  the  thickness  of  strata. — When  strata  are  inclined,  as 
in  fig.  110,  the  thickness  is  ascertained  by  measuring  the  extent 
along  the  surface,  and  also  the  angle  of  dip,  and  then  calculating  the 


Fig.  110. 


thickness  by  trigonometry.  The  thickness  of  the  strata  from  a  to  6 
is  6  d,  the  line  b  d  being  drawn  at  right  angles  to  the  strata.  Mea> 
suring  a  b,  and  the  dip,  which  is  the  angle  bad,  the  angles  and  hypo- 
thenuse  of  the  triangle  a  b  d  are  given  to  determine  one  side  b  d.  Or 
with  the  distance  a  e  the  side  e  e  would  be  found. 

But  it  is  important,  for  trustworthy  results,  that  the  absence  of 
/auUs  be  first  ascertained.  The  figure  (110)  represents  a  fault  at  bg^ 
so  that  the  strata  1,  2,  3,  4  to  the  left  are  repeated  to  the  right ; 
and  hence  the  whole  thickness  is  b  d  instead  of  e  e.  There  may  be 
many  such  faults  in  the  course  of  a  few  miles ;  and  each  one  would 
increase  the  amount  of  error  if  not  guarded  against. 
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Ml  IttoiwDlhnBthaflgnntlttiftrinileladineditntaaooBflstfa 
hjtn  1,  2, 3,  4  would  have  a  surfaM-width  (widtli  at  the  Mrth's  surface  or  on 
thoriiontal  plane)  of  a  b.  But  by  moans  of  the  fault  another  ji<irtion  im  brought 
«p  to  tho  surface,  and  a  b  it  increased  to  a  c.    So  other  faulUi  might  go  on 
iDcraafing  the  extant  of  the  sarface-expoiare.    Thu  ia  farther  illtutrated  in 
if.  IIL  Let  A  Im  A  itntiim  10,000  feet  tUek  (a  to  e)  aod  100,000  feet  long 
(a  to  b).    Let  it  BOW  bo  fkolted  ee  in  fig.  B,  and  the  parts  uplifted  to  a  dip 
•f  15°, — taking  a  common  angle  for  the  pnrty,  for  the  sake  of  simplicity  of 
iUettration.    The  projecting  portions  boing  worn  off  by  tho  ordinary  processes 
•f inadation,  it  i»  reduced  down  to  fig. C,mn  being  the  eurfaoo  exposed  to  the 
•kMmr.  The  int  orror  that  miglit  bo  made  from  baaty  oboorratioi  would 
le  that  there  were  fonr  distinct  out- 
cropping  coal -layers   (calling  the  ^^1* 
Uack  layer  thui),  instead  of  one  y 
ad  tho  oaoond  enor,  tin  one  aboro 
oplained  with  regard  to  ealoalating 
the  thickness  of  tho  whole  gtratnm 
from  thf  C'titire  Iciipth  m  n  in  c<>n- 
necttuQ  with  thu  dip.  If  the  stratum 
owe  ineUaod  at  15*  without  faalt> 
bg.  it  wonld  itaad  a«  in  fig.  D; 
and  if  then  worn  off  to  a  horizontal 
■arfacc,  the  widest  extent  iio,j,«ihlo 
veald  be  er, — loss  than  halt  what 
il  baa  with  Iho  thno  ftnlta.  Tho 
kogth  of  e  r  maj  bo  determined 
ffom  the  thickness  n  c  and  tho 
•B|^  of  dip,  the  angles  and  one 
4^  of  the  triaaglo  boing  given  to 
lad  the  hjpothoDvae.  Wtthmdlpof  15*itwo«ldboleeathaa>W-«ni(i«of«ft; 
vtfhadipor80«,OM.>|^of  «»;  with  a  dip  of  46^  loai  than  owe  ■eewrt. 


I 


B 


It  ia  plain  also,  without  forther  explanation,  that  when  a  layer  is 
Abided  many  tunes  apon  itself,  as  explained  on  p.  104,  a  large  extent 
cf  horiiontal  sorfiMie  of  tilted  beds  may  be  produced  even  when  the 

itratum  thus  folded  has  of  itself  little  thickness. 

121.  Uncon/ormaUe  tttota. — Another  consequonco  of  the  tilting  or 
displacement  of  strata  is  this:  that  deposits  arc  fften  hiid  down  u|>on 
the  ytftvoTied  edges  of  older  rocks.  Fig.  112  repreiients  cases  in  which, 


Fig.  112. 


after  the  rocks  below  had  been  folded  or  upturned,  other  strata  were 
Isid  down  at  a  6  horiaontally  on  the  inclined  beds,  being  thus 
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formehU  to  those  beds.  Below  ef  there  are  really  two  sets  of  «n- 
eonfomaXtle  beds  in  a  Bymdinal  Talley;  and,  moreover,  the  lower 
strata  were  much  fiiultod  and  upturned  before  the  upper  were  laid 
down  u])on  them.  The  Coniucticut  River  sandstone,  like  the 
latter,  lie.s  in  a  synclinul  valley  of  older  n >cks,  is  more or  leas  fiuilted, 
and  is  overlaid  V>y  horizontal  alluvial  beds. 

TlitTe  is  Ijcr*?  ('Xeiuplitied  a  inrf/im/  of  arrirliu/  at  (he  period  or  time  of 
an  uplift.  In  such  ca*es  of  unconfiirmabiHty,  the  upturning  of  the  lower 
beds  must  have  taken  place  after  they  were  made,  and  before  tlio 
deposition  of  the  overlying  beds.  The  Imm  ^  the  vphtrmngy  therefore, 
was  between  the  period  to  whidi  the  upturned  rocks  belong,  and 
that  of  the  overlying  deposits. 

Dapodts  Uk«  tboM  at«/u«  tme haaim  or  froNi^A  ApotUt;  for  tiMj an  fomod 

in  basins  or  <lcitres8iona  of  the  surface.  Such  dcpusita  may,  in  general,  he  dis- 
tingui!>hc'<l  l.y  their  thinnini^  out  towards  the  sides  of  th»!  ba.-^in.  Yet  when 
synclinal  valleys  are  sballow  it  ia  oasy,  and  nut  uncomiuun,  to  mistake  beds 
oonlbnaablo  with  tiie  ttesta  below 

fersnehbuIHofonnaUont.  The  beds  Ilg.  113. 

a  6  (fip.  ll-*^)  lie  in  the  synclinal  val- 
ley in  H  like  a  liasin-dcpo.'^it,  thou^'h 
not  so.  They  wore  disconnected 
from  the  stratoai  with  which  they 
wove  once  eontinnoiu^by  diendatioo 

over  the  anfiflinal  nxrs  m  nml  n.  TIenoe  the  beds  a  It  were  formed  hc/<>re  the 
folding  of  the  bed.-i,  and  not  o/ier  it, — an  historical  fact  to  be  determined  in  all 
such  cases  with  great  care. 

122.  The  true  order  of  arrangement  of  strata  is  the  order  in 

wliicli  thoy  wore  made,  or  their  chrin.ofoff'mtt  order. 

Difficulties. — There  are  several  difticulties  encountered  in  the 
attenij^t  to  make  out  such  an  ordt  r.  The  stratified  rocks  of  tlio 
globe  include  an  indctiiiitc  nunibiT  of  linicstoucs,  .'-and-tones, 
shales,  and  conglomerates;  and  they  occur  horizontal  an<l  dis- 
placed, conformable  and  unconformable,  part  in  America  and  part 
in  Europe,  Asia,  and  Australia*  here  and  there  coming  to  view, 
but  over  wide  areas  buried  beneath  soil  and  forests. 

Moreover,  even  the  same  bed  often  changes  its  character  from 
a  sandstone  to  a  shale,  or  from  »  shale  to  a  limestone  or  a  con- 
glomerate,  or  ajrain  to  a  sandstone,  within  a  few  scores  of  miles, 
or,  if  it  retains  a  uniform  composition,  it  chiiufzcs  its  color  so  as 
not  to  bo  recogniz'^l  by  the  more  appearance.  Again,  some 
strata  are  of  very  limited  extent,  while  others  spread  widely  over  a 
continent. 
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Agian,  A  Btrstom  of  one  age  maj  mat  upon  any  stratom  in 
the  whole  of  the  aeriee  below  it,— the  Coal  meaanres  on  either 
the  Aioic,  Silurian,  or  Devonian  strata;  and  the  Jurassic,  Cretfr- 
ceom,  or  Tertiary  on  any  one  of  the  earlier  rooka,  the  intermediate 

being  wanting. 

In  addition,  denudation  and  njdifts  liave  thrown  confusion  among 
the  beds,  by  <Usjoining,  disarranging,  and  making  complex  wliat 
once  was  simple.  In  the  United  States,  many  a  sandstone  in  New 
York  and  Prninaylvania  la  repreaented  by  a  Umeatone  in  the  Ohio 
and  MissiBBippi  valleya, — ^that  ia,  the  two  were  of  cotemporaneoiia 
ori^;  some  rocks  in  eastern  New  York  are  not  found  in  the 
western  part  of  that  State,  and  some  in  the  central  and  western 
not  in  tho  eastern.  The  Post-Tertiary  in  America  in  some  placea 
rests  nil  Azoic,  in  others  on  Silurian  or  Devonian,  in  otluM*s  on 
Cretaceous  or  Tertiary.  And,  if  so  great  diversity  of  condition 
ejcists  in  one  country,  far  greater  may  be  expected  between  dis- 
tBnt  oontinenta. 

Amidst  all  tfaeee  aonroea  of  diffionlty,  how  ia  the  true  order  aacer* 
iMnedr 

123.  Meana  of  detonnlnation. — ^It  is  plain  from  the  preceding 
remarkfi  that  the  true  method  cannot  consist  in  grouping  rocks  of 
a  kind  together,  as  limestones,  shales,  or  san<lstonf<.  It  is  irre- 
si>'*otivo  of  kinds,  and  is  fouii'lcd  on  a  higlior  }>iinci]>lo, — the 
same  which  is  at  the  biusis  of  all  history, — euccessivene.sa  in  events. 
The  following  are  the  means  employed. 

(1.)  Order  of  superpotUkn, — ^When  atratft  are  little  diatnrbed,  yep> 
tieal  aeotiona  give  the  true  order  in  those  sections  and  afibrd 
Tihiable  information.  Or  where  the  strata  outcrop  over  the  surface 
of  a  country,  the  succession  of  outcropping  layers  affords  a  section, 
and  often  one  of  great  range.  The  vertical  extent  of  surli  a  section 
may  be  ascertained  as  explained  in  ?  110.  In  using  this  method  by 
superposition,  several  precautions  are  necessary. 

Precaution  Ul. — Proof  should  be  obtained  that  the  strata  have  not 
been  folded  upon  one  another,  so  aa  to  make  an  upper  layer  in  any 
am  a  lower  one  in  actual  poation  (see  p.  107),-^  condition  to  be 
jupeoCed  in  regiona  where  the  rooka  are  much  tilted,  but  not  where 
the  tilting  is  small. 

Precaution  2d. — It  should  be  seen  that  the  strata  under  examina- 
tion aro  artnnlly  continuous. 

A  fault  in  tlie  rocks  may  deceive;  for  it  makes  layers  seomin^zly 
continuous  which  are  not  so.  In  some  cases,  beds  forming  the 
upper  part  of  a  bluff  (as  a  6,  fig.  114)  have  settled  down  bodily 
[e]  to  tlie  bottom,  80  aa  to  teem  to  be  oontanuona  with  the  older 
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ones  of  the  l>ottom  (as  c  with  d).    In  one  instance  a.  mistake  was 
thus  made  with  respect  to  the  age  of  a  human  relic,  which  a 
little  oare  miglit  have  avoided.  In  other 
oaseo,  oavenw  in  rocka  have  been  filled  Fig.  114. 

through  openings  from  abore,  and  the 
■ame  kind  of  mbtake  made.  When  the 
continuity  can  be  established,  the  evi- 
dence may  sometinifs  lead  to  imj)r>rtaiit 
results.  For  example,  it  may  l)e  found 
that  a  coal-bed  followed  for  some  miles 
to  one  side  or  the  other  is  continuous  with 

a  day  shale,  and  both  are  aetnallj  one  layer ;  thai  a  sandstone  is 
one  with  a  limestone  a  few  miles  off;  that  an  earthy  limestone  full 

of  fossils  is  identical  with  a  layer  of  white  crystalline  marble  in  a 
neighboring  district ;  or  that  a  fossiliferous  shale  of  one  region  is 

the  same  stratum  with  the  mica  schist  of  anotlier. 
.Pr,r„}ifion  Zd. — Note  whether  the  strata  oirerlie  one  another  oon- 

Jbrviiih/i/  or  not. 

Precaution  4th, — When  one  bed  overlies  another  conformably,  it 
does  not  follow  neeessarily  that  they  bdong  to  oonseeatiTe  periods. 
The  Tertiary  beds  mi^  rest  cot^omabfy  on  any  staEwtom  from  the 
Cretaceous  to  the  Silurian.  A  range  of  oonfiwmability  so  conti- 
nuous is  not»  however,  usual ;  for  disturbances  of  the  strata  have 
been  so  common  in  past  time  that  the  later  rocks  are  seldom  con- 
formable to  the  older.  Among  rock«  comparatively  near  in  age, 
however,  it  is  common  to  find  strata  wanting,  without  any  break 
in  the  conformability. 

The  criterion  mentioned,  unless  connected  with  others,  gives  no 
aidincomparingtherocksof  distant  or  disconnected  re^ons.  For 
this  purpose  other  means  must  be  employed. 

124.  (2.)  Cb&r,  Uxture,  and  mineral  eompom&m. — ^This  test  may  be 
used  to  advantage  within  limited  district^;,  yet  only  with  caution. 
There  were  at  one  time  in  geology  an  "old  red  .sandstone"  and  a 
"new  red  sandstone,"  and  whenever  a  red  sandstone  W4is  found  it 
was  referred  at  once  to  one  or  the  other.  But  now  it  is  well  under- 
stood that  the  color  is  of  little  consequence,  except  within  a  small 
geographical  range.  The  same  general  remark  holds  with  reference 
to  mineral  composition. 

One  inferraoe  from  the  constitution  of  a  stratum  is  safe;  that  la» 
that  the  stratum  is  more  recent  than  the  Took,  from  which  its  mat^ 
rial  was  derived.  Uence  an  imbedded  fragment  of  some  known 
rock  may  afford  important  evidence  with  regard  to  the  age  of  the 
containing  stratum. 
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It  if  eomnion  to  jadgQ  of  the  age  of  igneouit  rocks  by  their  oompoaitioa ;  but 
ifc  i«  aa  vanlSi  oitoiioB.  BoiiMiiMnAylwauuleofitlMfMllmrinMttlingOMM 

that  reauun  doubtful,  but  not  until  the  age  of  the  gnater  part  of  such  rocks 
hA8  been  ascerfaiiK-il  on  evidence  of  a  better  kind  than  thi?".  In  the  case  of 
aetamorphic  rucks  uf  different  ages  it  may  prove  of  value  whoa  their  dis- 
tiBdiT*  peenBtfittM  are  thoroughly  known. 

125.  (3.)  FossiU. — Tliis  (-ritorion  for  determining  the  chronolofrical 
order  of  stratii  takos  direct  hold  upon  time,  and.  therefore,  is  muo 
and  suffiiMrjit.  Thr  I'lf'r  of  the  <jlf^t€  h(iA  chtintjcd  with  thr  proffrcss  ot  tiini\ 
Luck  epoch  iuis  itad  iU  peculiar  specks.  Moreover,  the  succession  of 
life  liM  fi>Uo«red  a  gnund  lam  «f  progress,  involTing  under  a  single 
ijBtem  ft  eloeer  a&d  doaer  ftpproxinistion  in  the  apeeiea,  as  time 
'  moved  on,  to  those  which  now  exist.  It  follows,  tiierefore,  that 

/i&nlfiy  €f  tpM£»  9f  fMtih  provr.s  (ipirroxiinately  identiti/  nf  age. 
The  change  has  not  consisted  in  a  change  of  spi-cies  alone,  but 
siso  in  certain  grand  modificationK  of  type  or  structrne.  Thus,  for 
fishes  there  are  hotli  ancient  and  modern  types;  and  in  most 
of  the  classes  there  are  great  groups  which  belong  to  the  piist  and 
mark  the  progressing  ages, — as  Trilobites  mark  the  Palteozoic, 
SigOleriflei  die  CSoal  period.  Ammonites  and  flying  reptiles  the 
Beptilien  age.  Henoe  the  oamm  may  have  the  broader  fonn, — 
MadHy  ^  type  or  family  in  orgomic  forms  prove*  identity  ^  age. 
The  osaon  is  a  universal  one.  Harl  we  a  table  containing  a  list 
of  the  complete  series  of  rocks,  and  of  the  families,  genera,  and 
species  of  fossils  which  eacli  contains,  it  would  be  a  key  for  the 
rc>cks  of  the  whole  world, — South  and  North  America  as  well  us  the 
Orient;  and  by  comparing  the  fossils  of  any  rock  iwder  investi- 
pition  with  this  key,  the  age  would  he  approxinuitely  asoortained. 
This  is  the  method  now  pursued  in  studying  the  geology  of  the 
^obe.  The  is,  in  Ihot,  already  ao  complete  that  it  is  oonsteatty 
appealed  to  by  the  geological  observer.  The  list  which  is  made 
for  the  Silurian  and  Devonian  rocks  in  New  York  State  is  used 
for  idontifyiiifr  the  strata  of  the  Mississipi)i  basin;  and  that 
which  has  been  prepared  in  Europe  is  constantly  employed  to 
make  out  the  true  synchronism  between  the  rocics  of  the  two 
continents. 

By  such  comparison  of  fossils  it  was  diaooveved  that  the  Chalk 
fmnation  easta  in  the  United  Statea,  although  there'  ia  no  chalk 
on  the  continent ;  that  the  Coal  formation  of  North  America  and 
that  of  Newc&stle,  England,  belong  to  the  same  geological  age ; 
and  in  ntimberless  other  caaoa  oi  identity  between  the  strata 
of  distant  continents. 

The  commencement  in  the  preparation  of  such  a  key  was  attended 
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with  mucli  difficulty.  In  New  York  State  it  was  nccossar}- — first  to 
study  all  tho  sectionH  in  the  eiustorn,  central,  and  western  parts,  and 
determine  carefully  the  fossils  in  each  stratum ;  then  to  compare 
(he  Motions  with  one  another:  when  any  caie  of  identity  in  the 
Ibnils  among  theee  strata  of  the  different  sections  was  obeenred, 
H  was  set  down  as  one  horiaon  determined.  By  this  method,  and 
other  aid  firom  observing  the  continuity  of  beds,  one  horiaon  after 
another  was  ascertained,  and  the  strata  between  were  anailged 
according  to  their  true  order  of  succession. 

There  ar«'  j<recautions  required  in  the  use  of  this  key,  depending 
on  individual  diti'erences  in  the  continents  and  diversities  in  the 
range  of  fossils,  which  will  he  better  understood  after  a  renew  of 
the  general  progress  of  life  on  the  globe. 

126.  Subdivtaioii  into  Ages.— By  the  means  explained,  great 
progress  has  been  made  in  arranging  the  rocks  of  the  different 
continents  in  a  chronological  series.  North  America  has  some 
largo  blanks  in  the  series,  which  in  Europe  are  filh-d  ;  an<l  in  this 
way  various  countries  are  contributing  to  its  j)erfection.  This 
series  has  been  divided  into  Ages,  based  on  the  progress  of  life, 
as  follow : — 

I.  Aaoic  Aqb  (from  a,  pmalbf$,  and  Cmv,  aiiMui/).^43ontaiQing  no 
traces  of  animal  life. . 

II.  SiLuaiAir  AoB,  or  Am  or  Hbuussa.— MoUnsks  the  domisMit 

race. 

III.  i>iToinAir  Aoa,  or  Aoi  or  FiSHis. — ^Fishes  the  dominant 
race. 

IV.  Carbon  I  FER0U.S  Acs,  or  Ags  or  Acroobns. — Characterixed  1^ 
coal-plunts,  or  Acrogens. 

y.  SxptiuahAob. — Reptiles  the  domiaaat  race. 

VI.  MaMMAMAW  AoB.— Mammals  the  dominant  race. 

VII.  Tai  Aoi  or  Mak. 

The  subdiTisions  are  given  beyond. 

127.  Thieknett  ^  ike  ttrat^fUd  rocks. — The  whole  thickness  of 
the  rocks  in  the  series  has  been  stated  at  fifteen  or  sixteen  miles. 
But  this  includes  the  sum  of  the  whole  grouped  in  one  pile.  As 
the  series  is  nowliere  complete,  this  cannot  be  said  to  be  the  thick- 
ness observed  in  any  one  region.  The  rocks  of  New  York,  down 
to  the  Aaok,  counting  all  as  one  series,  are  about  13,000  feet  in 
thiokness.  Tliey  andude  only  the  Silurian  and  Berooian  (except 
ing  the  Triassic  in  the  southeast).  To  the  north  they  thin  out 
to  a  few  feet,  while  they  thicken  southward  towards  Pennigfl* 
Tenia.  In  Pennsylvania  the  rocks  include  the  Carl>onifprou8, 
and  the  whole  thickness  is  at  least  40,000  feet^   This  is  exclusive 
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of  the  TViaMie,  wliidli  nuqr  a  few  ihotuands  to  the  amoanl. 
In  Viigiiua  the  ttuokneis  b  still  gre«ter ;  but  no  eacaot  eetimete 

has  been  made.  In  Indiana  and  the  other  States  west  it  is  only 
4000,  although  extending,  as  in  Pennsylvania,  to  the  top  of  the 
Carlxinift  rous.  The  greater  }>art  of  tlie  continent  of  North  Ame- 
rica east  of  the  Mississippi  is  destitute  of  rocks  above  the  Carboni- 
ferous. 

In  Europe  the  rocks  of  the  later  periods  are  far  more  complete 
than  in  North  America*  while  the  older  also,  according  to  the 
ertimates  stated,  exoeed  the  American.  In  Great  Britain  the 
thickness  to  the  top  of  the  Carboniferous  is  oVer  60,000  feet,  and 
(tfm  the  Oarlxmiferous  to  the  top  of  the  series  little  less  than 
10.000  feet  more.  This  amount  i»  the  sum  of  the  thickest  deposits 
of  the  several  formations,  and  not  the  thickness  observed  in  any 
particular  place. 

2.  UNSTRATIFIED  CONDITION. 

128.  The  larger  part  of  the  crystallised  rocks  are  sedimentary 
rocks  altered  or  crystallised  by  heat  or  other  means ;  and  th^  are, 

therefore,  not  trur>  examples  of  unstratified  rocks.  In  general  they 
still  retain  the  lines  of  deposition  distinct.  When  gneiss  and  mica 
schist  are  found  in  alternations  with  one  another,  it  is  plain  that 
each  layer  corresponds  to  a  srjiarat<'  hiyer  in  the  original  fleposit, 
and  the  IxhIs,  although  crystalline,  ai'c  »tiil  as  really  Ktratilied  as 
they  ever  were. 

In  some  metamorphic  rocks,  however,  the  appearanoe  of  staratafi* 
estion  is  loet;  and  such  may  be  properly  said  to  be  unstratified. 
Tet  it  should  be  understood  that  the  name  does  not  imply  that 

they  never  were  stratified,  but  that  this  is  now  their  a))parent  con- 
dition. Gran  ill-  and  syenite  are  imstratified  rocks  of  this  kind.  In 
nmrh  granit*;  there  is  no  laniitiation,  no  arrangement  of  the  con- 
stituent minerals  in  paralh  l  plan»'s,  no  evidence  of  sulxlivision 
into  layers.  But  even  this  true  granite,  a  few  miles  off,  may  become 
a  schistose  or  gneissoid  rock,  and,  a  short  distance  farther  on, 
hy  gradual  transition,  a  gneiss  in  which  a  schistose  structure  is 
wry  distinct. 

Examples  of  the  unstratified  condition  are  oommon  among  true 
Igneous  rocks.   The  ridges  of  trap  or  dolerito  which  range  in  lofty 

masses  over  many  districts — as  the  Palisades  on  the  Hudson,  Mounts 
Tom  and  Ilolyoke  and  other  trap  ridges  of  tlie  Connecticut  valley, 
the  trap  of  the  Giants'  Causeway  and  of  Fingal's  Cave — are  soiu<» 
of  these  examples.  The  rocks  were  melted  when  they  came  up 
to  the  light  through  fissures,  and  they  now  stand  without  any 


118 


LITHOLOOICAL  OEOLOOY. 


marks  of  stratification.  The  sketch  bolow  represents  a  scene 
among  rocks  of  this  kind  in  Australia.    The  dome^haped  masses  of 

Fig.  115. 


Baaaltic  columns,  coMt  of  Illnwana,  New  South  Wales. 


trachyte  in  some  regions  of  ancient  volcanoes,  and  the  interior  m&sa 
of  many  great  volcanoes, — sometimes  exposed  to  viow  through  rend- 
ings  of  tlie  mountain  or  denudation  by  water, — are  also  examples. 
But  the  ordinary  outflows  of  liquid  rock  from  volcanoes  usually 
l^roduce  layers,  which  are  covered  afterwards  by  others  in  succession ; 
and  volcanic  mountains,  therefore,  have  to  a  great  extent  a  strati- 
fied arrangement  of  the  rock-material,  and  not  less  perfectly  so 
than  bluff's  of  .«»tratified  limestone.  Moreover,  the  same  rock  which 
forms  the  Giants'  Causeway  may  in  other  places  be  interstratified 
among  .sandstones  and  shales ;  for  the  layer  of  igneous  outflow, 
wherever  it  takes  place,  may  be  followed  afterwards  by  deposits 
of  sand  or  other  sediment. 

129.  Another  example  of  unstratified  material  is  found  in  the 
loose  pebbles  and  stones  which  cover  a  large  part  of  the  northern 
half  of  both  the  American  and  European  continents.  Any  ordi- 
nary mode  of  action  by  water  lays  down  .sediments  in  layers.  But 
these  accumulations— often  called  drift — are  of  vast  extent  and 
without  layers.  Wherever  the  same  kind  of  material  is  in  layers, 
it  is  then  said  to  bo  stratified;  and  thus  it  is  distinguished  from  the 
vnstratijie<{. 

There  may,  therefore,  be  both  stratified  and  unstratified  sedi- 
ments, and  stratified  and  unstratifiod  igneous  rocks ;  and  by  the 
obliteration  of  the  ]>lancs  of  deposition  by  metamorphism  there 
may  be  unstratified  metamorphic  rocks  like  granite,  as  well  as 
Btratifi<»d. 

130.  On  the  subject  of  the  structure  of  these  rocks,  it  is  only 
necessary  to  refer  to  the  ordinary  massive  structure  of  granite 
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And  trachyte,  etc.,  and  to  the  oolumiMr  strooture  met  with  among 
igneous  rocks.  The  last  is  represented  in  the  figure  given  abore. 
TiMre  are  all  shades  of  perfection  in  this  columnar  structure,  from 

pri!?ms  of  great  height  with  perfectly  ])lane  sides,  to  a  mere  ten- 
dency to  split  in  prismatic  forms;  and  also  from  thi.s  less  perft-et 
prismatic  character,  to  the  massive  structure  with  no  trace  of 
columnar  fracture. 

For  a  oontinuation  of  this  milject,  see  the  chapter  on  igneous 
opowtfoni,  under  Dynamical  (Geology. 

131.  (1.)  Oeneral  nature  of  veina. — J^vein  rondition, — ^Veins  are 
narrow  plates  of  rock  intersecting  other  rocks.  They  are  the  fill- 
ingH  of  cracks  or  fissures  ;  and,  as  these  cracks  or  fissures  may  either 
extend  through  the  earth's  crust  to  the  int»Ti<ir  and  divide  it 
for  long  distances,  or  roach  down  only  for  a  limited  dcj^th,  or  }io 
confined  to  single  strata,  no  veins  are  exceedingly  various  in  extent. 
They  may  be  no  thicker  than  paper,  or  they  may  be  scores  of 
rods  in  width,  like  the  great  fissures  opened  at  times  to  the  earth's 
imer  regions  by  subterranean  agency.  They  may  be  clustered 
BO  as  to  make  a  perfect  net-work  through  a  rock,  or  may  be  few 
and  distant.  And,  as  strata  have  been  faulted,  so  veins  also  may 
have  their  faults  or  displacements.  All  those  subterranean  move- 
ments that  produce  joints  and  fractures  in  rocks  may  give  origin 
to  veins. 

(2.)  SnbdlvislonB.— Veins  are  divided  into  eUke»  and  proper  vm. 
Dikes  are  filled  by  volcanic  rodcs,  basalt,  trap,  or  some  other  ig- 
neous rocks,  and  have  regular  and  well-defined  walls. 

Veins  are  occupied  by  quartz,  granitic  rooks,  metallic  ores, 
cslcite,  fluor  spar,  lieavy  spar,  etc., — ingredients  which  are  less  ob- 
vioiisly  a  liquid  injeetion  from  oeiow.  an<l  probably  never  of  this 
nature.  Tliey  are  gfjierally  irregular  in  form,  often  indistinct  in 
their  walls,  and  very  varying  in  their  ingredients.    They  aboun«l 


Fig.  116.  Fig.  117. 


ill  regions  of  metamorphic  rocks.  Ydns  have  been  snbdivided 
into  kinds ;  but  the  divisions  need  not  here  be  considered. 
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(3.)  FmaB  and  fiiilti  of  rt/koB  and  dikes.— Fig.  116  npntttta 
tiro  aimpl*  r^tam  or  dikei  (a  a  and  b  b)  IntOfMotfag  itratUod  roeka. 
7%.  117f  ft  ael-work  of  umU  voiu. 

rig.  119. 


Fip.  nS.  »'mnll  veins  of  f|iinrtr  iTitor<'ootinjr  pnri««, — the  masc  five  feet  ?fjuare. 
The  vein*  do  not  all  cross  one  anolher,  uml  correspond  to  the  cracks  which 
roittlt  from  contraetion,  as  by  ion-drying  or  cooling,  rather  than  to  those  of 
•ay  otiior  modo  of  iMnrlag. 

Fij^.  119.  Two  veins  a  a',  presenting  some  of  the  common  irrogalarities  of 
mineral  veinx  in  sice,  the  cnlnr^oil  pnrt<)  containing  mOStlj  tho  Oro*  a  is  fwnltod 
by  another  vein  6,  which  u  of  subM  iiut  iu  r»rmation« 


Fig.  120.  ' 


>lg8.  120,  121,  122.  Examples  of  granitic  veins  of  very  larjje  kiic  in  a 
gBoiatoid  gnniie,  showing  their  fabdiTitio&t  and  Toriou  inogoiarities  (takun 
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Ij  tha  nUior  tnm  gnaitie 
■tail  ehaafM  of  rin^  and  in 

iis.ui. 


Valpacaiao).  Tha  Taina  udavga  eon- 
of  roek  laaMiMlm 

Fig.  13S. 

v'V'/.         ■  '••-1 


tt*  roek  outaido.  Tha  rack  a4ioiiiiiig  tbe  Tdn  ia  mora  miflaaaoiia  than  tliaft  at 

t  dlgftaae^  mad  tho  dinetion  of  the  laminaition  (aa  indicated  in  the  figures)  raries 

with  some  reference  to  the  interaecting  reins,  cnrvinp  npproxiinatcly  parallel 
to  the  reins  on  two  opposite  sidea  m  nnd  n,  and  nut  at  all  eo  on  the  other  two 
•  ead  p.  The  subdiviaioDit  of  the  reins  in  fig.  121  cross  one  another  in  an  alter- 
lato  aannary  a  antting  d  and  •  b«t  ant  by  e,  and  A  ent  by  e^  d,  and  e{  and 
122,  althoogh  the  veins  are  similar  in  conntitution,  one  cuts  the  other;  and  itt 
120  the  two  crosiiing  veins  are  broken  and  subdivided  iit  the  intersection  iO  Sa 
to  appear  like  one  rein  stretching  ofi"  in  two  directions  like  a  letter  X. 


Ilg.US.  A 
to  a  in 


a  faaltad  by  t,^whanoe  it  is  inrerriMl  that  h  ia 
Alao  a  Tain  1  fimltad  by  S  and  again  by  3,  and  S  fknltad 


Fig.  114.      Fig.  186.      Fig.  12«. 


FIg.W. 


b?  4  :  2  and  3,  therefore,  were  subsequent  in  npc  to  1,  and  4  was  subsequent  to  3. 
The  faulting  is  ozhibilod  alio  in  tha  layars  of  tha  stxatiftad  rooks  which  the 
TUBS  intersect. 
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Figs.  124, 125, 12A.  Veins  muoh  broken  or  faulted :  in  124,  four  faults  within 
ft  Imgth  of  cighten  laohM;  la  U5,  ilx  finiltf  Is  aix  tet;  in  126^  the  brokm 
parti  of  the  roia  of  vooqnal  bfMdth. 


Fig.  128. 


Fig.  129. 


Figs.  127,  Ufl^  ISft.  Otter  lhaltoa  Tdai,  U7«aadi,iixfiNtapart»aBdttm 

different  in  their  fkoltl)  12S,  129,  other  interrupted  veins.  The^e  dissimilarities 
between  the  parts  of  one  faulted  vein,  as  in  120,  and  V>etween  the  parte  of  two 
parallel  veine,  as  in  127,  arise  from  an  oblique  shove  of  the  parts  either  at  th« 
ttoM  of  tlM  frmetoflaf  la  whieh  the  vciat  thcBUdTM  origfauilod,  or  at  fomo 
flabooqaoat  f^aetariagi 

The  points  hero  illustrated  aro, — 

The  great  irregularities  of  size  in  veins  along  tlieir  courses, 
swelling  out  and  contracting;  their  occasional  retieulalii)ns ;  their 
frequently  embracing  portions  of  the  enclosed  rock ;  their  nume- 
10118  ikultingB  or  breaka  and  displaoements. 

132.  (4.)  Btraotnre.— />iA««.— -Dikea  coil^t  eeeentiallj  of  the 
same  kind  of  material  from  side  to  side  and  at  all  heists,  where  not 
altered  by  exposure  to  the  air.  The  Btrueture  may  be  simply 
massive,  or  cracked  irregularly,  as  in  many  volennic  dikes.  But 
frequently  there  are  transvers^e  fractures,  producing  a  columnar 
structure,  so  that  a  dike  is  like  a  pile  of 
columns.  For  a  short  distance  from  the 
walls  the  structure  is  generally  imperfect 
(fig.  130) ;  and  in  many  cases  there  is  an 
earthy  layer  along  the  aides,  or  even  a  lami- 
nated structure  parallel  with  the  walls 
(fig.  131),  produced  by  the  friction  of  the 
rising  liquid  mass  against  the  walls  of  the 
fissure. 

133.  Veins  never  have  the  tran.sverse  columnar  structure  of 
dikes.  The  simplest  coiwist  of  one  kind  of  material, — as  quartz, 
granite,  heavy  spar.^and  are  alike  frmn  side  to  aide.  But  others 
haTO  ft  banded  ttructure  not  fonnd  in  dikes,  oonsiatang  In  an 
arrangement  of  the  material  parallel  to  the  walla.  Fig.  132> 
represents  sach  a  vein,  consisting  of  eleven  bands:  1,  3,  and  6  sm 
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bands  of  quarts;  2,  4,  of  a  gneissoid  granite;  and  5,  of  gneiM. 
Of  banded  TMns,  the  nmpleBt  is  a  Tern  with  three  hands,  one 


eentral;  but  the  nunber  may  be  a  score  or 


Fig.  132. 
6 S  4321 2  4 


& 


I'' 


■  I 

III'  iV 
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Instead  of  being  simply  rock-matorial,  as  in 

fig.  132,  the  bands  may  be  partly  metallic  ores 
of  diftVront  kinds,  and  <  ;ilcit«\  heavy  8i>ar,  tluor 
spar,  may  make  the  alt.  i  uating  bami.s  instead 
of  granite  or  gneiss.  A  great  vein  at  Frei- 
berg consists  of  layers  of  blende,  quartz,  fluor 
spar,  pyrites,  heavy  spar,  calcite,  each  two  or 
three  times  repeated,  the  layers  nearly  corre- 
sponding (m  either  side  of  the  middle  seam. 

Thus  this  banded  stmctore  is  as  much  cha- 
racteristic of  veins  as  the  columnar  structure  is  of  dikes:  each 
fidls  of  the  peculiarity  in  their  simpler  kind«. 

The  bands  of  a  vein  are  far  from  uniform  at  ditrcicnt.  heights, 
even  when  the  width  of  the  vein  is  constant ;  and  they  vary  exceed- 
ingly through  the  contractions  and  expansions  which  take  place  at 
interrals.  The  expanded  portions  may  alone  be  banded,  or  consist 
of  layers  parall^  to  the  sides,  or  contain  ore. 

The  mineral  or  rook-material  accompanying  the  ore  in  a  vein  is 
called  the  trdn-stone,  or  gangue.  The  most  common  kinds  of  vein- 
stone are  qunrt/.  calcite,  barytes,  and  fluor. 

In  studying  veins,  besides  noting  their  extent,  mineral  clia- 
racter,  and  structure,  it  is  important  to  ascertain  their  strike  and 
angle  of  dip.  There  is  generally  an  approximate  uniformity  of 
Strike  in  a  given  region ;  and  frequently  the  direction  is  parallel  to 
the  principal  line  of  deration  in  the  region.  The  nature  of  the 
walls  or  aciyoining  rock,  and  systems  of  foults,  are  other  points  that 
should  rect'ivo  close  attention. 

134.  FaUc  veiivi. — Besides  the  veins  nnd  dikes  described,  tliere 
are  also  faixe  vcitis.  These  false  veins  are  fissures  iilled  ])y  sand 
or  clay  from  above.  They  are  readily  distinguished  by  the  sedi- 
mentary nature  of  the  material ;  for  all  true  dikes  or  veins 
are  occupied  by  crystalline  rocks  or  minerals.  In  a  similar 
manner  earth  and  organic  remains  may  be  washed  into  caverns 
or  any  open  spaces  in  rocks,  and  so  make,  in  the  very  body 
of  an  old  record,  a  false  entry.  Such  a  cot\junction  of  com- 
paratively modem  fossils  with  more  ancient  may  lead  to  error, 
unless  the  facts  are  carefully  studied  and  the  true  explanation 
ascertained. 
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b  the  l«ngiiag»  i>t  arineiv- 

A  !odc  is  a  vein  containing  ore. 

The  hanging  wall  of  a  vein  is  the  opptr  Will  wlm  thd  Ttill  hM  SB  oWiqH 
dip ;  and  the  opposite  is  the  /oat-wall,  * 

TheylHoean  is  the  helf-deeomposed  rook  adjoining  a  vein;  and  a  thin,  clayej 
lajer  iloaf  eitlier  tide  of  a  vein  ia  eaUed'the  Mttagt, 

A  Aeree  ie  %  body  of  roek,  like  the  waU>ioekf  oooutlaf  in  Iho  ooum  of  » 
▼ein. 

A  comb  is  one  of  the  laycr.«  in  n  bnnded  TetlVM  OtUed  eipeciallj  when  ite 
enrfaoe  i«  more  or  leM  set  with  crjatals. 
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PART  IIL 

HISTORICAL  GEOLOGY. 


QBNBRAL  DIinSIONS  IN  THE  HISTORY. 

1.  Nature  of  subdivisions  in  history. — The  methods  of  ascer- 
timuiig  the  true  suooeBsion  or  chronological  order  of  the  rooks 
hare  been  explained  in  {f  1^125,  and  in  connection  ({125)  a 
brief  mention  is  made  of  the  grander  dirisions  of  the  series.  Some 
farther  explanations  are  necessary  as  introductory  to  the  survey 
of  geological  history. 

What  arr  .<nifMflvixions  in  hi^fnr'/? — Many  person"*,  'm  their  study  of 
geology,  t'Xjx'ct  to  tiinl  stron>:ly-<iravvn  lines  brtw«H'n  the  iiges,  or 
the  corresponding  subdivi.sious  of  the  rocks.  But  geological  his- 
tofy  is  like  human  history  in  this  respect.  Time  is  one  in  its 
course,  and  all  progress  one  in  plan. 

Some  grsnd  strokes  there  may  be, — as  in  human  history  there  is 
a  be^nning  in  man's  creation,  and  a  new  starting-point  in  the 
advent  of  Christ.  But  all  attempts  to  divide  the  course  of  progress 
in  man's  historical  development  into  ages  witli  boM  confines  are 
fruitlciss.  We  may  trace  out  the  culminant  phases  ot  tlitferent 
periods  in  that  programs,  and  call  each  culmination  the  centre 
of  a  separate  period.  But  the  germ  of  the  period  was  long  work- 
mg  onward  in  preceding  time,  before  it  finally  came  to  its  full 
development  and  stood  forth  as  the  oharaoteristio  of  a  new  era  of 
progress.  It  is  the  same  with  the  development  or  history  of  an 
individual  being.  There  are  distinct  epochs  and  periods  in  the 
hi-tory  whirh  all  recognize. — the  ]ierio<l  of  tlie  embryo,  of  the  youth, 
of  the  adult.  But  no  one  thinks  of  marking  the  hour  or  day 
when  one  ends  and  another  begins,  or  of  pointing  to  a  visible 
physical  line  that  at  any  given  moment  was  passed.  It  is  all  one 
progress,  while  suooessive  phases  stand  forth  in  that  progress. 

In  geologioal  history,  the  earliest  events  were  simply  physical. 
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While  the  inorganic  history  was  still  going  on  (although  finished 
in  ito  more  ftmdamental  ideas),  there  was,  finally,  tiie  intro- 
duction of  4^,— «  new  and  great  step  of  progress.  That  life, 
beginning  with  the  lower  grades  of  spedes,  was  expanded  and  el^ 
▼ated  through  the  creations  of  new  types,  until  the  history  doeed 
in  the  appearance  of  Man.  In  this  organic  liistory  there  are  suo- 
cossivt^  I)haHes  of  j)rogr('ss,  or  a  series  of  culminations,  with  the 
creation  of  Man  and  Mind  as  the  last  and  loftiest  of  these  culmi- 
nations. As  the  tribes,  in  geological  order,  pass  like  panoramic 
soenes  before  ub.  the  reality  of  one  age  after  another  beoomea 
stroni^y  apparent.  The  age  of  Mammals,  the  age  of  Beptiles,  and 
the  age  of  Coal-Plants  oome  out  to  yiew  like  mountains  in  the 
prospect, — although  if  the  mind  should  attempt  to  define  precisely 
where  the  sloj^es  of  the  mountain  end  as  they  pass  into  the  plain 
around,  it  might  be  greatly  embarrassed.  It  is  not  in  the  nature 
of  history  to  be  divide«l  olF  by  visible  embankments ;  and  it  is  a 
test  of  the  true  philosopher  to  see  and  appreciate  the  culmina- 
tions of  phases  in  time,  or  of  the  succe-ssivo  ideas  in  the  system 
of  progress,  amid  the  multitude  of  events  and  indefinite  blandings 
that  bewilder  other  minds. 

We  note  here  the  following  important  principles : — 

FirtL  The  reality  of  an  age  in  history  is  marked  by  the  culmina> 
tion  of  some  new  idea  in  the  system  of  progress. 

Secondly.  Tin*  beginning  of  an  age  will  be  in  tlie  midst  of  a  pre- 
ceding age  ;  luid  the  marks  of  tlie  future  coming  out  to  view  are  to 
be  regarded  as  prophetic  of  thai  iuiure. 

Tldrdhf,  The  end  of  an  age  may  be  as  ill  defined  as  its  beginning, 
although  its  culminant  point  may  stand  out  boldly  to  view. 

Thus,  th^  age  of  Cosl-FlantB  was  preceded  by  the  occurrence  of 
related  plants  far  back  in  the  Devonian.  The  age  of  Mammals 
was  fiweshadowed  by  the  afqpearance  of  mammals  long  before,  in 
the  course  of  the  Reptilian  age.  And  tlie  age  of  Reptiles  was  pro- 
phesied in  types  that  lived  in  the  earlier  ('arl)oniferous  age.  Such 
is  the  system  in  all  liistory.  Nature  has  no  sympathy  with  the  art 
which  runs  up  walls  to  divide  off  her  open  fields. 

But  the  question  may  ariae^  whether  a  geological  age  is  not^  after 
all,  strooi^y  marked  oiTin  the  rocks.  Bocks  are  but  the  movmg 
sands  or  the  accumulations  of  dead  reli<»  of  the  age  they  represent, 
and  are  local  phenomena,  as  already  explained.  Each  continent 
has  its  special  history  as  regards  roek -making :  and  it  i><  only 
throiigli  the  fossils  in  the  rocks  that  the  special  liistories  are  com- 
bined into  a  general  system.  Movements  have  in  all  ages  disturbed 
one  hemisphere  without  aii'ecting  the  other,  causing  breaks  in  the 
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mocession  of  rooks;  in  ono  continent  or  part  q£  a  oontiiieiit  that 
have  no  represontativos  in  another. 

When  an  age  can  be  proved,  through  careful  study,  to  have  been 
dosed  by  a  catastrophe  or  a  transition  which  was  universal  in  its 
tActi,  the  event  is  aooepted  as  a  grand  and  striking  one  in  geo- 
logical hlstoiy.  Bat  the  proof  should  be  obtained  before  the  uni- 
YWMilitj  Is  assomed*  Henoe  the  condasion, — 

Fo  jtiAfy,  The  grander  subdivisions  or  ages  in  geological  history, 
\med  on  organic  progress,  should  bo  laid  down  independently  <rf  the 
rocks.  Th»^y  are  universal  ideas  for  the  globe.  The  rocks  are  to  be 
divided  off  an  nearly  as  practical)!*'  in  accordance  with  them. 

K;ich  continent,  under  these  ages,  then  becomes  a  Bpocial  study; 
and  its  hi^itory  has  its  ]>eriod.s  and  ipoclis  whicli  may  or  may  not 
correspond  in  their  limits  with  those  of  the  other  continents.  Every 
tnnaition  in  the  stnta,  as  ftom  limestone  to  sandstone,  clay-beds, 
or  conglomerate,  or  from  either  one  to  the  other,  and  especiaUy 
iriioe  there  is  also  a  striking  change  in  the  organic  remains,  indi- 
flstes  A  transition  in  the  era  from  one  set  of  circumstances  to  an- 
other,— it  may  be  a  change  from  one  level  to  another  in  the  conti- 
nents, a  submergence  or  emergence,  or  some  other  kind  of  catas- 
trophe. All  such  transitions  mark  great  events  in  the  history  of 
the  continent,  and  thus  divide  the  era  into  periods,  and  i)eriods 
into  epochs,  and  epochs,  it  may  be,  into  sub-epochs.    TIence, — 

Fifthly.  Through  the  ages  each  continent  had  its  s}>ecial  history ; 
and  the  periods  and  epochs  in  that  history  are  indicated  by  changes 
or  transitions  in  the  roek-formations  and  thdr  fossils. 

It  is  greatly  to  the  assistance  of  research  that  some  of  the  revolu- 
tions of  the  globe  have  probably  been  nearly  or  quite  universal. 
The  one  preceding  tlie  Mammalian  age  aj>peai*s  to  be  an  example; 
although,  even  with  regard  to  this, further  investigation  is  rcfjuired 
before  its  actual  universality  can  be  reganled  a.s  established.  But 
the  periods  and  epochs  of  America  and  £ui*ope  are  not  in  general 
the  ssme  in  their  limits.  A  near  cotenqKivandty  in  rocks  may  be 
proved,  but  not  in  the  transitions  fnm  one  rock  to  another.  For 
example,  the  Devonian  age  has  a  very  different  series  of  periods 
and  epochs  in  North  America  iVom  what  it  has  in  Hurope,  and  there 
il  even  considerable  diversity  between  the  epochs  of  New  York  and 
the  Atlantic  slope,  and  those  of  the  Mississippi  valley.  The  Car- 
boniferous, Reptilian,  and  Mammalian  ages  also  have  their  American 
epochs  and  their  Eurojx^an,  ditTering  from  one  another;  and  the  dif- 
ferences between  the  continents  increii^o  as  we  come  down  to  more 
modem  tames.  There  are  Tertiary  and  Cretaceous  rocks  in  America 
as  wflU  as  Europe,  but  there  is  little  reason  for  the  assumption  that 
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the  transitions  from  one  set  of  Tertiary  or  Cretaceous  strata  to 
another  were,  in  the  two,  cotemporaneous.  The  point  should  be 
proved,  not  assumed.    We  add,  therefore, — 

Sirth/t/.  It  is  an  important  object  in  geology  to  ascertain  as  nearly 
as  possible  the  parallelism  between  the  periods  and  epochs  marked 
off  on  each  continent,  and  study  out  the  precise  equivalents  of  the 
rocks,  each  for  each,  that  all  the  special  histories  may  read  as  parts 
of  one  general  history,  and  thus  contribute  to  the  perfection  of  one 
geological  system. 

Progress  of  life  aa  the  basis  of  the  subdivision  Into  geo- 
l0£;lcal  ages. — The  general  principles  in  the  progress  of  life  upon 
which  the  ages  are  based  are  shown  in  the  annexed  table.* 


Fig.  133. 

ANIMALS. 


PLANTS. 


Age  of  Mmi. 


Age  of  MammaJf. 


Age  of  Reptilea. 


Carboniferoua  Age. 


Age  of  FiHhes,  or  1 

Devonian.  j 


Age  of  Mollaski, ' 
or  SiluriaD.  j 


Asoic. 


The  horizontal  bands  represent  the  ages,  in  succession ;  the  ver- 
tical correspond  to  different  groups  of  animals  and  plants. 

The  Radiates  begin  with  the  Lower  Silurian,  and  continue  till 
now,  rather  increasing  throughout  the  ages. 

The  MoUusks  have  their  beginning  at  the  same  time,  and  continue 
increasing  to  the  age  of  Reptiles ;  they  then  pass  their  maximum 
(as  indicated  in  the  figure)  and  decline. 


♦  The  system  of  ngea  is  essentially  the  same  with  that  proposed  by  Professor 
Agassix,— the  only  difference  consisting  in  calling  the  Silurian  the  age  of  Mol- 
lasks,  instead  of  considering  both  the  Silurian  and  Devonian  the  age  of  Fishes. 
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The  ArtieuUtes,  as  the  table  shows,  commence  in  the  Slwiaa 
(asGrastaeeans  and  Worms),  and  oontinne  expanding  in  numben 
sad  gnule  to  the  present  time. 

Fishes  be|pn  in  the  Silurian,  are  very  abundant  in  the  Devonian, 
SDd  continue  on,  becoming  increasingly  diversified  to  the  last»  with- 
out much  rise  in  grade. 

Reptiles  be^'in  in  the  top  of  the  Devonian,  and  reach  their  maxi- 
mum in  the  I{t'{>tilian  age. 

3iammala  begin  in  the  Reptilian  age,  and  have  their  maximum  in 
the  Mammalian  age. 

As  to  Phints,  Searweeds  (or  Alffo)  are  the  earliest  of  the  globe,  pn^ 
bably  preoeding  animal  life.  The  Acrogens  begin  in  the  Devonian, 
or  earlier,  and  have  their  greatest  exj)ansion  in  the  age  of  Coal- 
Plants,  wht^re  they  occur  with  abundant  Conifers.  Cycads  begin 
in  tilt-  Ciirboniferous.  and  have  their  greatest  expansion  in  the  KcjH 
tiliiin  age.  Diioi yledons  begin  in  the  closing  period  of  the  Rrptiliiin 
age,  and  expand,  along  with  Pahn^i,  througii  the  age  of  Manuuals. 

The  Silurian  is  eminently  the  age  of  Mollusks;  for  thb  is  the 
highest  branch  of  the  animal  kingdom  which  is  represented  at  that 
thne  in  aU  its  grand  subdivisions.  Brachiopods,  Cdnchifers,  Gas- 
tsropods,  Pteropods,  Cephaloix>ds,  begin  in  tiie  Lower  Silurian,  and 
the  Holluscan  type  is  thus  unfolded  at  the  outset,  while  the  Articu- 
lates are  represented  V)y  only  tht'  inferior  marine  divisions,  and  the 
Badiat^'s,  be>id»'s  being  an  interior  ty[ie,  are  present  only  in  the 
lower  tribes  of  its  three  classe  s.  The  age  is  einint  ntly,  therefore, 
the  age  of  Mollusks.  Any  fishes  discovered  in  the  Silurian  would 
fcreshadow,  in  the  manner  explained,  the  age  of  Fishes,  as  the 
Reptiles  of  the  Carboniferous  age  foreshadowed  the  Reptilian  age, 
and  the  Mammals  oi  the  age  of  Reptiles  the  Mammalian  age. 

In  the  Devonian  age,  the  Fishes,  the  lowest  of  Vertebrates,  are 
the  dominant  type.  The  Reptilian  age  is  still  more  enn'nently  an 
iijr.' of  Roptil.'s.  and  the  Miuninalinn  a^e  an  age  of  Mammals,  as  is 
shown  beyond  in  the  sm  vcy  of  tln-se  ajies. 

On  botanical  data,  the  ages  would  \)0~Jir.sf,  the  age  of  tS^a-tcmU, 
covering  the  ages  of  Mollusks  and  Fishes;  second,  the  ago  of  Coal- 
FEsNlt  or  Aer^ffou,  or  the  Oarbontferooa  age ;  IhM,  the  age  of  C^fcadB, 
oorrespondmg  to  the  age  of  Reptiles;  and,  fmrth,  the  age  of  Palma 
and  Dieoigfledent,  oorresponding  to  the  Mammalian  age.  The  only 
addition  to  the  {nieceding  divisiofis  based  on  the  animal  tribes 
which  Is  thence  suggested  by  the  veirctable  kingdom  is  the  ('arboni' 
frrou.<<.  In  the  zoological  series  this  might  be  called  the  age  of  Am- 
l»/,tfji,j),.*,  as  it  is  duaracterized  prominently  by  the  amphibian  division 
of  Reptiles. 
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Hie  ages  recognized  are,  then,  Age  of  Mollmks,  or  S\hman  Afif 
qf  luhfs,  or  Devonian;  Carhw^feroua  Age;  Age  of  Ueptilet;  Aye  oj  Mam- 
malt;  Age  of  Man, 

PMceding  these,  there  !■  the  Ax«k  enk»— the  name  heing  derired 
from  the  Oreek  a  and  Cmt*  ^  and  signifying  the  aheence  of  life. 
The  Azoic  rocks  are  mostly  crystalline. 

The  Silurian,  Dovonian,  and  Carboniferous  ages  naturally  stand 
somewhat  aj)art  from  tho  following  in  the  peculiar  anriont  forms  of 
the  pr<'at  portion  of  tlu'ir  Hvint;  tril»os,  arid  to  th<>  whole  collectively 
the  term  Vklxuzoic  era  is  appro]>riately  ajiplii'd, — tho  wor<l  "  paln*o- 
mAef*  being  from  the  Greek  msSoMf,  aneUni,  and  ^uov,  I'he  following 
age,  or  age  of  Reptiles,  is  correspondingly  termed  the  ICisoaoK^  from 
^ffoor,  middle^  and  Cuw*  it  being  the  m/^Sawd  era  in  geological  history. 
The  Mammalian  age  is  termed  the  Cinozoic,  from  xatvo^,  recent,  and 
Cuov.  (The  words  Eocene^  Mioeene,  etc,  snbdiviaions  of  the  age,  are 
in  part  from  tho  wime  root.) 

Tlie  subdivisions  of  geological  time  are,  then,— 
I.  Azoic  Time  or  Acs. 

II.  Pal^zuic  Time. 

1.  The  Age  of  Mollnsks,  or  Silurian. 

2.  The  Age  of  Fishes,  or  Devonian. 

3.  The  Age  of  CbatPlants,  or  Garboniferoos. 

III.  Mesozoic  Time. 

4.  TI).   \  -eof  Beptiles. 

IV.  Cexozok"  J'ime. 

5.  The  Age  of  Mammals. 
V.  Era  of  Mind. 

6.  The 'Age  of  ICan. 
8uhdi»umn9mtoIMod8amiI^poeka,'--Thewa^ 

the  periods  and  epochs,  vary,  as  has  been  said,  in  diffinrent  ooontries. 
The  following  table  (fig.  134)  presents  a  general  view  of  those  of 
eastern  North  America,  as  far  as  the  Palwozoic  is  concerned, — the 
Silurian,  Devonian,  and  Carboniferous  being  well  represented  on  the 
North  Ameii<'an  continent.  The  rest  oftlie  series  is  from  European 
geology,  in  which  the  Uiter  ages  are  far  better  rej)ri'sented  than  in 
America.  In  thb  manual,  American  geology  is  in  general  first  con- 
sidered, and  afterwards  such  Airther  illustrations  are  drawn  from 
other  continents  as  are  necessary  for  comprehensive  views  and 
generalizations.  Where  America  is  deficient  in  its  records*  the 
Euroi)ean  are  taken  as  the  standard. 

The  names  of  the  j)eriods  and  epochs  for  the  Paheozoic  of  Am<»- 
rien  are  the  same  that  have  been  applied  to  the  rocks  by  the  Nevr 
York  geologists. 
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Fig.  1.14. 
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V'lg.  134  (eonh'nHed). 


Ill  the  figures  und  mupri  imrmluoed  beyond,  the  numbers  are  med 
as  in  the  abo?e  tables :  1  standing  for  the  Aaoic;  2  f<w  the  rodka  of 
the  Potsdam  period,  2  a  for  the  Potsdam  epoch,  2  6  for  the  Oalet- 
ferous  saad-rook ;  3  for  rocks  of  the  Trenton  period,  3  a,  3    for  the 

ej»n<  lis  of  this  period;  mid  so  on. 

The  following  map  of  the  United  States  east  of  tlie  Rooky  Moun- 
tains exhibits  the  geographical  distribution  of  the  rocks  of  the  f^everal 
ages, — that  is,  the  regions  over  which  they  are  severally  the  surfaee- 
rocks. 

The  Silurian  is  distinguished  by  heavy  horizontal  lining ;  and  the 
dotted  line  over  the  Sflurian  area  divides  the  Upper  Silnrian  (u) 
from  the  Lower  Silurian 
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134  AZOIG  AGE. 

The  DevMUm,  by  heftvy  Tertioal  lines. 

The  Oarboni/croust  by  ligh  t  cross-lines  on  a  black  ground,  or  by  a  black 

Kurfoce,  or  by  dots  on  a  block  ground  (the ^^rst  the  Sub-carbonifeioiiB» 

tho*  .'^trond  the  Coal  formation,  the  f/iirf/  the  Ponnian). 

The  licptilian,  including  the  Triiussio,  .luraswic,  and  Crctjioeous,  liy 
lin»'s  sloping  from  tlic  right  to  tlu'  left  (/),  the  Cretaceous  beini^ 
distinguished  by  huviiig  the  lines  broken. 

The  Tertiary,  by  lines  sloping  from  the  left  to  the  right  (  \  V 

The  Axokf  by  irregidar  line-dottingB. 

The  sur&ce  without  markings  is  occupied  by  rocks  of  undeter- 
mined age,  that  on  the  east  mostly  crystalline. 


I.  AZOIC  TIME  OR  AGE. 

BeaUty  of  tile  ▲ge.— The  Axoic  age  b  the  age  in  the  earth's  hi»> 

tory  preceding  the  appearance  of  animal  life.  The  fact  of  the 
existence  of  the  globe  at  one  time  in  a  stat«'  of  universal  fusion 
Ls  placed  l»(  yon<l  reasonable  doubt.  And  what<'ver  events  occurred 
upon  tiie  glolx?  i'ntin  the  era  of  the  elevate<l  t'  liiperature  necessary 
to  fusion,  down  to  the  time  when  the  climate  and  waters  had  become 
fitted  for  animal  life,  are  events  in  the  Azmc  age.  The  age  most, 
therefore,  stand  as  the  first  in  geological  history,  whether  science  can 
point  out  unquestionably  the  rocks  of  that  age  or  not. 

The  fottlls  of  tfiM  Palieoiolo  sad  Mesosoie  rodn  hare  often  been  obliterated 

by  the  cryBtallizatiun  of  those  rooks;  and,  as  the  oldest  rocks  of  the  globe  an 
nearly  iiH  •ry-'t  alii  red,  the  question  may  always  iiri^c  with  respect  to  any  par- 
ticular one  of  tbem,  whether  it  iiiny  not  once  have  been  filled  with  fossils.  After 
having  feeohed  what  was  thought  to  be  the  loweet  foaiiliftnnu  beds  in  Qreat 
Britaia,  foeiils  have  been  fmtnd  in  othen  faiferior,  earryhig  the  SUnriaa  doinm 
to  a  Btill  lower  level  l)y  trnnHfcrring  to  it  what  had  been  regarded  as  Atote. 
Such  chatifjos  arc  part  of  th<'  proprfHs  of  the  fcicnce,  and  caui<c  little  inooaTn* 
nicncc  to  the  Hystciu,  providi  il  tlu*  nrdrr  of  succcHsion  bo  rightly  given. 

Stratigraphical  limits  in  North  America. — The  Azoic  rocks  in 
North  America*  at  present  include  all  that  are  older  than  the  Pots- 
dam sandstone  of  New  York, — the  first  of  the  Silurian.  This  sand- 
stone is  spread  out  in  nearly  horisontel  hiyers,  confonnable  with  the 
overljring  Silurian  heds,  but  rests  on  crystalline  rooks,  which  are 
upturned  at  all  angles  and  folded  or  crumpled  on  a  scale  of  great 


•  The  Azoto  system  of  North  America  was  first  distinctly  recognized  in  its 
tmo  Importance  in  Ww  Report  of  Foster  k  Whitney  on  the  Lake  Superior 
region.  The  rocks  inferior  to  the  Silurian  have  been  called  by  Murcbison  the 
Bottom  rotko*  They  are  part  of  the  primary  of  the  old  geologists. 
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extent.  These  beds,  thus  crystallized  and  flexed  or  disturbed  before 
the  Potsdam  sands  were  tleposited,  are  the  Azoic.  The  following 
$tections  illustrate  this  iHjint.  In  each,  the  Azoic,  numbered  1,  in  its 
usual  disturbed  condition,  is  overlaid  nejirly  horizontally  by  the 
Silurian  beds,  2  a  being  the  Potsdam  sandstone,  2  b  the  Calciferous 
sandrock,  3  the  Trenton  limestones,  4  a  the  Utica  shale. 


Fig.  136.  Fig.  i:jr. 


I  Mt  ib        I  la  1« 


Fig.  138. 


Fi^  136,  by  Euiuioiw,  fruni  Kiiaex  ci>.,  N.Y.;  1  i«  hy|K>n»lluMiu  rock,  i>r  liypttrite,— Fig.  IIJ", 
by  Owen,  from  Blark  RItit,  noutb  of  LAke  Superior;  1  is  a  prnnUic  rock,  1  o, clilorltic  iiikI 
fcmiKinou«  ilatr!*. — Fig.  13H,  by  liopin,  from  the  south  side  of  tboSt.  LnwrcDco  inCanniln, 
between  Owcade  Point  and  St.  LouU  Rapids;  1,  gneisx. 


Geographical  distribution. — The  Azoic  rocks  constitute  the  only 
universal  formation.  They  cover  the  whole  globe,  and  were  the 
floor  of  the  oceans  and  the  rocks  of  all  emerged  land  when  animal 
life  was  first  created.  But  subsequent  operations  over  the  spliere 
have  buried  the  larger  part  of  the  ancient  surface,  and  to  a  great 
extent  worn  away  and  worked  up  anew  its  material;  so  that  the 
area  of  the  old  floor  now  exposed  to  view  is  small. 

The  areas  of  the  earth's  crust  over  which  the  Azoic  rocks  are  now 
exposed  are  either, — 

1.  Those  which  have  always  remained  uncovered. 

2.  Those  which  have  been  covered  by  later  strata,  but  from 
wliich  these  superimposed  beds  have  been  simply  washed  away, 
without  much  disturbance. 

3.  Those  once  covered,  like  the  last,  but  which,  in  the  course 
of  the  upturnings  of  mountain-making,  have  been  thrust  upward 
among  the  displaced  strata,  and  in  this  way  have  been  brought  out 
to  the  light. 

In  cases  like  those  of  figures  136,  137,  in  which  the  Silurian 
rocks  are  spread  in  nearly  horizontal  layers  over  the  borders  of 
«ui  area  made  up  of  tilted  Azoic  rocks,  the  Azoic  area  either  has 
l>een  always  uncovered,  or  has  become  so  from  denudation  ;  but 
in  mountain-regions  where  the  Silurian  rocks  have  been  folded 
up  in  the  mountain-making,  the  Azoic  below  may  have  been  brought 
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up  to  viow  in  the  snmc  process.  Moroovor,  tin*  A/oic,  if  it  had  not 
undergone  flt-xuros  before  tlio  Siluriiin  bods  were  hiid  down,  would 
partake  of  tlie  Silurian  flexures,  or.  in  other  words,  bo  confornaable 
to  the  Silurian  strata.  But  if  it  had  bt'en  flexe<l  or  tilted  in  some 
pn'vious  2>eri«>d  of  disturbant'e,  then  the  A/.oie  would  be  uneonfonn- 
able  to  the  Silurian,  althou;:h  both  were  linally  upthrown  tog»'lh<>r 
in  the  niakin<;  of  the  mountains. 

In  the  study  of  Azoic  regions  these  points  require  special  investi- 
gation. 

Tlie  Azoic  areas  of  North  America  of  the  first  kin<l  (and  partially, 
it  may  be,  of  the  jtrrond)  are  shown,  as  far  as  now  ascertained,  on  the 
accompanying  map  of  the  Azoic  continent.  The  Azoic  land:*  on  this 


Fig.  139. 


Ajmic  Map  of  North  America. 


chart  arc  represented  n.s  the  dry  land  of  the  era,  while  the  rest  of 
the  continent  is  submerged.  They  are  crmcluded  to  have  been  thus 
dry,  Ix'eause  no  marine  beds  cover  them,  while,  on  either  border, 
marine  beds  (.Silurian  and  later)  commence  and  spread  widely  over 
tlic  most  of  the  continent.    Tlu^  outline  of  the  continent  and  of  the 


GEOQEAPUiCAL  DISTRIBUTION. 


137 


gre*t  lakes  enables  the  reader  to  perceive  the  reUtive  positions  of 
these  Asi^o  lands.  There  maj  have  been  other  areas  along  the 
Appalachians,  and  over  the  Bocky  Mountain  region,  which  ftiture 
study  will  bring  to  Vi'^ht. 
The  Azoic  regions  hi'uX  down  are — 

1.  '"iiiada  north  of  tlu'  St.  Lawrence,  reaohin;:  nortlieast  from 
Lakes  Huron  an<l  Superior  to  I>;ibrador  (C  C),  and  the  continuutiun 
northwest  (B  B)  to  the  Arctic  Ocean. 

2.  An  isoUted  area  in  northern  New  York,—*  peninsular  pro- 
longation, it  may  be  considered,  of  the  Canada  region, — covering  for 
the  most  part  Essex,  Clinton,  Franklin,  St.  Lawrence,  Hamilton, 
and  Wurron  COS.,  and  part  of  Saratoga,  Fulton,  Herkimer,  Lewis, 
and  Jett«'rr<on  cos. 

3.  A  similar  area  south  of  I.tike  Sui)erior  (S). 

4.  West  of  the  Mi-.^^issippi,  a  small  an  a  in  ^^i^->MI^i.  in  wliicii  tiic 
famous  Iron  Mountuin.s  are  iiituated ;  the  ]ila«  k  iiiUs  in  Dakota, 
and  the  Laramie  Range  in  Nebraska,  as  recently  observed  by  Dr. 
Hsyden ;  part  of  the  Ozark  Mountains  in  Arkansas. 

In  Dortbern  New  Jersey  there  arc  Azuio  gneios,  limcidone,  hikI  vither  crystalline 
roekf  contMning  grast  bed*  of  the  ore  eelled  FnuikUnUe,  analogous  to  the  iran- 
•re  bed*  of  northern  New  York :  the  lowest  Silurian  beds  oover  thorn  «&• 
C'jnforinahly.  Professors  Rofjcrs  hnv«' ilcscrihcd  tli<' •"•curronfo  of  Azoif  rocki' 
in  the  Appalacbians;  but,  although  prububly  occurriii;^;  in  tliL<  range,  the  uvi- 
deoco  it  not  yet  ooncUiHtve  tbat  tbo  r<>ck»  so  desiguutud  autedato  tbo  Silurian. 
Pr»feMor  Ssfford  mentione  rooka  of  the  Atoio  age  in  Matem  TennoMe^ — n 
part  of  the  same  mountains;  bat  the/  are  atated  to  becoi(/erMa6(f,aa  far  at  yet 
faifeetigated,  to  tbo  Silurian. 

The  map  of  New  York  and  panada  in  the  chapter  on  the  Silu- 
rian shows  more  j)reci.sely  the  form  of  the  New  York  A/,oie  and 
that  north  of  the  St.  Lawrenee.  It  represents  also  the  Silurian 
and  Devonian  strata  of  the  State  a«<  thry  hcromo  successively  the 
surface-rocks  on  fioin^i  from  the  A/oit-  >onth\vard.  Adjoining  the 
Aioie  (nuinhfred  Ij  is  the  earliest  Silurian,  No.  2,  which  outcrops 
where  it  is  repre^iented,  but  is  supposed  to  underlie  the  strata  num- 
bered 3,  4,  5,  etc  So  No.  3  is  the  next  formation  which  outcrops, 
while  it  probably  underlies  all  the  beds  4,  5,  eto.  The  Asoio  is  thus 
the  basement,  and  each  successive  stratum  was  a  new  deposit  over 
it  in  the  seas  that  bordered  at  the  time  the  Azoic  dry  land. 

In  Europe  the  Azoic  system  lias  been  distinctly  recognized  in 
Norway  an'l  S\ve<len  and  in  Bohemia  underlying  the  Silurian 
uneonf'ormably.  The  j^rcat  iron-rejrions  of  Sweden  are  ]>rol>;ddv 
of  this  age.  In  ^rcolo-xical  maps  of  other  parts  of  the  world 
(and  those  of  Europe  and  Auierieu  ure  not  always  excepted)  it  is 
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eommon  to  color  tlie  regions  covered  by  crystalline  rocka  all  alike, 
without  reference  to  their  differenoee  of  age.  Thus  the  metmnor- 
phie  rocks  of  Tarious  are  confounded,  ai  th^  are  alao  in  the 
unfbrtunate  name  ^ey  aometimea  bear,  of  hjfpogene  roeka. 

Snda  of  rooka. — The  rocks  are  mostly  of  the  niotamorphic 
8orio?5,  rolatod  to  granite,  gnoiss,  syonite,  and  the  like.  Hut  they 
embrace  only  the  most  ancient  of  these  rocks  :  for  tlie  granites 
and  Hclusts  of  Xe\*'  Knghmd,  of  Cornwall,  the  Alps,  and  uiauy 
other  regions,  belong  to  later  ages. 

Beaidea  true  ^ronife  and  gnau,  there  are  <fionC«, — a  rock  conaiating 
of  feldspar  (albite)  and  hornblende  without  quarts  ((84);  also 
eztenaive  ranges  of  coarse  granite4ike  rocks  d  grayish  and 
reddish-brown  colors,  composed  mainly  of  crystallized  labradorite 
or  a  related  feldspar  (J  55),  or  of  this  feldspar  with  the  addition 
of  the  brownish-black  and  bronzy  foliated  mineral  hypersthene 
(J  ('»;")),  an<l  constituting  tlic  rock  calK-d  hi/prrif>- ;  also  chlorite  schist, 
while  mica  schist  aj>pears  to  be  absent ;  also  str/Hnttne,  hiiu stone 
(or  statuary  maMe),  gramkr  quattt  (a  hard  sandstone),  and  in 
some  places  a  hard  cot^flomenUe!  also  ina^idk  and  ^^eailar  vw^fc  in 
immenae  beda. 

There  are,  in  addition,  porphyrtf  of  green,  brown,  and  reddish  eolanj  a 
gaiii«ti«QphoUde  (oelogite)  and  a  feldipar^mipliotide  ((  S5);  ■oapstone  (Rena- 

aelaeritc)  86,  [4]);  parophitc  rock  and  jtchi.st  (|{  07,  87);  pyroxene  roeka; 
Ophiolitcs  or  verd-antiquc  inarbk'  of  diffprent  viirictip!*  [>'^]).  ' 

Part  of  the  feldspar  related  to  labradorite  has  the  composition  of  andcaine 
or  Tosgito  \  and  oligoetaae  exiets  la  tbe  gwedisb  Aioie.  The  Labrador  roek 
turns  grey  on  weathering.  Part  of  the  byperite  eon  tains  ordinary  hornblende 
instead  of  liypcrnthcnc.  and  xnnic  kinds  mica  or  epidotc.  The  hypersthcno  is  in 
foliated  piece?  or  crystals  often  a  little  limn/f  like  in  lustre.  Good  loealitie;^  for 
the  opalescent  labradorite  are  the  Htreuuis  of  the  Adirondack, — especially,  iiay« 
Profbiaor  Bnnioni,  the  beaobea  of  East  River;  alio  Avateaebe  Lake,  near  tha 
foot  of  the  great  alide  fW»ni  Mount  McMnrtin. 

The  pot!»t«»no  or  snnp«tnnp  cjilUd  Jtrninrtnrrile  covcfs  considerable  areas  la 
the  towns  of  Fowler.  Cunton.  Edwards,  Ilcrtnon,  etc.,  St.  Lawrence  co.,  and 
at  Greovillc,  in  Canada,  and  is  cut  into  slab*  for  tables,  ehimney-pieees,  fur- 
aaeeollninge,  or  made  Into  lakataada.  Tbe  paropki^  or  alnatiaona  potatoaa 
of  Diana,  Lewis  co.,  N.T.  (}  87),  is  also  used  for  inkstands,  etc. 

Beautiful  red  and  graea  porpbyrj  and  a  buhrstone  are  found  at  QrenTillc, 
Canada. 

As  crystalline  rodcs  have  been  formed  in  various  ages, — those 
of  New  England,  for  example,  long  after  those  of  the  Azoic, — it  is 
possible  that  some  Azoic  rocks  have  luidi'rL'one  u  second  or  tliird 
alteration  suhsequent  to  the  orijrinal  «>ne  in  tlie  Azoic  a;re.  It  may 
be  difficult,  in  fact,  to  say  which  of  the  rocks  retain  their  original 


Digitized  by  Google 


GBAEAOnmiSnOB  OV  AZOIO  BOOKS. 


189 


imposition.  J'here  is.  however,  no  reason  to  suspect  any  funda- 
nuntal  changes  in  the  granitic  or  liornblcndic  locks  or  sehistu. 
But  the  potstones,  both  mugnesian  and  aluminous,  are  probably 
of  later  origin.  The  Rensselaerite  has  been  observed  under  the 
ajrtalHne  form  of  pyroxene,  showing  that  in  part,  at  least*  it  has 
been  nuMle  out  of  pyroxene;  and  the  aluminous  species  exists 
mder  the  crystalline  form  of  nepheline,  giving  unequivocal  ]>roof 
that  it  has  been  made  out  of  pre-existing  nepheline  crystals,  liJce 
the  gieseckite  of  Greenland,  wliioli  it  resemhles  in  aspect  and  com- 
position. The  rocks  are  j)robal)ly,  therefore,  the  result  of  the  altera- 
tion of  different  minerals  or  rocks  after  the  first  Azoic  crystalli- 
sation. If  this  be  true,  they  may  not  be  actually  Azoic  rocks :  they 
may  belong  to  the  same  ago  with  the  metamorphio  of  New 

England,  or  to  some  other  period.  By  one  interested  in  bringing 
the  events  of  geological  histcwy  into  their  true  chronological  relsr 
tions^— the  real  end  in  geological  studies, — ^this  will  be  regarded  as 
an  important  question. 

Other  evidences  of  alteration  since  the  original  crystallization  in 
northern  New  York  have  been  observed, — such  as  the  rounded 
•juartz  crystals  of  Ciouverneur,  and  the  soft  spinels  of  St.  Lawrence 
CO.,  called  houghite.  Even  the  serpentine  of  the  same  region  may 
oome  into  this  category. 

Mintrala  of  the  AzoierorJcM. — Dcflides  the  cnn«f  ifuont  mineral!*  mentioned, — vit., 
qtuuts,  feldfpar  of  dilTereat  species,  hornblcn«ie,  pyruxone,  cpidote,  luica,  tiilo, 
gvn«ty — there  are  alto  the  following  common  specioii  tourmaline,  acupulitc, 
voUMtoaite^  spbena^  mUle,  graphita,  the  miea  eallad  phlogopite  ({59),  apatite, 
chondrodite,  tpinel,  sircon,  corundum, — eech  of  which  ooeara  at  times  in  the 
CTTStalline  limestone  or  its  vicinity.  Mica  is  found  in  (Jrcnvillc,  (':inada,  in 
platet  between  one  and  two  feet  square.  In  addition  to  tbc!<e,  tburu  are  a 
amaher  of  ran  orat  af  yttrian,  earion,  aad  aolumblam  among  the  Swadish 
AMiaiaakf. 

N'm  ^old  has  thus  far  been  found  in  the  Asoio.  Andalaiite,  kyanite,  and 
^taurotidc  arc  also  among  the  oommoB  miaaraU  of  eryatalUna  ichista  not 
detected  in  the  Asoio. 

Characteristics  of  the  Azoic  rocks. — 1.  The  Azoic  rocks  are 
nearly  all  crystalline  rocks.  A  few  .sandKtones,  slates,  and  conglo- 
merates are  the  only  exceptions ;  and  these  are  excessively  hard 

ro<ks. 

2.  The  crystalline  rocks  are  remarkable  for  the  small  amount 
of  aiUca  they  contain  (a  fact  noticed  by  T.  S.  Hunt).  This  w 
seen  in  the  absence  of  quarts  from  many  of  the  rocks  (the  diorite, 
i«bnMlor  rock,  hyperite),  And  the  abundance  of  feldspars,  like 
lebfadoffite^  that  have  a  low  proportion  of  silica. 


140 


AZOIC  AOE. 


3.  The  prevalence  of  iron  is  another  characteristic  (remarked  by 
J.  D.Whitney).  This  is  seen  in  the  abundance  of  the  minerals 
(silicates)  containing  iron,  as  hornblende,  hypersthene,  chlorite, 
garnet ;  olso  the  reddish  color  of  much  of  the  feldspar ;  also  the 
beds  of  iron-ore,  which  exceed  in  extent  those  of  any  other  age. 

4.  There  are  none  of  the  simple  silicates  of  alumina. 
Arrangement  of  the  rocks. — Although  the  Azoic  rocks  are 

mostly  crystalline,  they  follow  one  another  in  various  alternations, 
like  the  sedimentary  beds  of  later  date.  In  the  sections  which  have 
been  given,  tlicre  are  alternations  of  granite,  gneiss,  .schists,  lime- 
stone, etc.;  and  the  dip  and  strike  may  be  studied  in  the  same 
manner  as  in  the  case  of  any  tilted  sandstones  or  shales.  The 
following  sections  represent  other  examples;  and  in  them  there  are 
beds  of  iron-ore.  one  hundred  feet  and  upwanls  in  thickness,  which 
are  banded  with  siliceous  layers  and  chloritic  schist,  showing 
thereby  a  distinctly  stratified  character.  Where  most  flexed  or 
folded,  there  is  still  a  <listinction  of  layers  ;  an<l  it  is  owing  to  this 
fact  that  tiie  rocks  may  be  described  as  folded  ;  for  folds  can  be 
iilentified  only  where  the  rocks  are  in  sheets.  This  grand  fact  is, 
then,  evident, — that  the  Azoic  rocks  are  in  layers,  ais  much  as  the 
rocks  of  any  later  age. 

The  following  »oction  by  Logan  (real  in  its  general  truths,  although  partly 
ideal)  cxhil»il8  well  this  fact.     It  prcsentf*  to  view  a  stratum  of  (a)  white 


Fig.  140. 


b         a  b  a        b  a  It  <• 


granular  or  cryi«tallinc  limcftone,  many  times  foMofl.  iiikI  inti'r!<trutificd  with 
gneiss  and  i|iiartK  rock  (/>);  and  over  tlie  ><nme  region  (<iri-nville  and  adjacent 
country,  Canada)  the  limestone  haa  been  traced  in  linear  and  curving  buid« 
corresponding  to  a  ncriet*  of  folds. 

Tbo  following  sections  contain  iron-oro  beds  anion;;  the  alternations.  Iti 


a  a  b  til 


6g.  141  (from  the  Michigan  region,  Foster  A  Whitney)  the  iron-oro,  in  extensite 
bctle  (i,  »),  occur?  between  chloritic  schist  (<»,  n)  and  diorite  (6);  and  the  iron- 
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«n  ia  t  ii  buid«d  witb  jMptr.  In  flft.  142  aad  14S  (Kimz  99^  V.T^ 
fauMu)  th«  iron-ore,  in  beds  BSTeral  yards  wid*^  is  MSOffisled  with  gnsiss 

wjtl  (juart/  rock.  an<l  !■<  intcrlaininntcd  with 
quartz,  the  whole  ilip|)iiig  together  in  a 
common  direction,  like  beds  of  sandstone, 
Aale,  and  iron-ore  in  many  regions  of  sodi- 
montary  rocks. 

In  f];;:.  114  (Pcnokie  Range,  south  of  Lake 
Soperior,  C.  Whittlesey)  h  is  hornblende  ruck 
ssd  ilaty  quartz  ,*  quartsite,  30  feat  thiek; 
i.  a  bed  of  iron^ors^  26  to  50  feet  thiek. 

In  an(>th«'r  f'rctiim,  hy  C.  Whittlesey  ( described  in  Foster  A  Whitney's  Report), 
taken  at  the  falls  of  the  Menomoneo,  there  iiro  alternutionri  of  frneitis,  horii- 
bleu'ie,  and  quartz  ruck  with  talcosc  and  cbloritio  schists,  quurtzitc,  and  granu- 
lar limestone^  and  lietw^  the  limestone  layers  tbere  is  a  layer  of  tVm-orr,— 
!ihiiwing  again  that  the  iron-ore  is  in  beds  conformable  with  the  schists.  The 
ix'i-'.  however,  inny  not  ha\  r>  irr«'at  lateral  extent;  for  the  iron  nay  be  local  in 
baad«,  or  imbedded  in  uther  kinds  of  rocks. 

Ia  the  MiMouri  region,  at  Pilot  Knob,  the  ore-straU  (nays  J.  D.  Whitney) 
sBBiist  of  »  aeries  of  qnartsoso  beds  of  gloat  thielraess,  passing  gradually  into 
specular  iron,  which  frequently  forma  bands  of  nearly  pure  ore,  alternating 
with  bands  of  quartz  more  Of  less  mixed  with  the  iron.  The  ore,  m^reoverf 
i<  often  thiu-laminatcd. 

At  tbe  Adirondaek  mines,  in  Essex  eo.,  N.T.,  one  bed,  aeoording  to  Emmons, 
il  1$0  fast  thtel^  and  another  cm  (  •  •is  700  feet.  In  the  Michigan  region  they 
irr  on  the  same  Rrent  senlo.  In  .MiH-imri.  one  of  the  "  iron  mountains" — tho 
Pilot  Knob— is  581  feet  high,  and  the  uther  228  feet;  and  huge  diisplaced 
■sssBS,  soma  tan  aad  twenty  tons'  weigbt,  lie  OTor  tlio  svrfhee.  The  iron-ore  in 
csshof  tliese  ragiona  is  partly  magnetie  aad  partly  speealar  ore^  or  hBmatite,i— 
diet  of  Lake  Superior  and  Missouri  mostly  the  latter,  aad  that  of  New  York 
mainly  the  former. 

In  Canada,  at  Bay  >St.  Paul's,  there  is  a  bed  of  titanic  iron  UU  feet  wide, 
ssppsed  for  200  or  300  feet,  oeoorring  in  syenite  with  natile  or  ozyd  of  tita» 
oinm.  The  ore  doeit  nut  differ  from  ordinary  specular  iron  in  appearance,  bat 
the  powder  is  not  rnl.  In  Swdb  n  and  X'orway  fhc  inm-ores  are  intcrstrati- 
M  in  tho  came  manner  with  cryKtallino  ruck», — mainly  gneiss,  bornblcndo 
rocks,  talcose  and  chloritie  schists,  argillaceous  schists,  quartzito,  and  granular 
liasstono,  with  whieh  they  are  more  or  less  laminated.  At  Dannemora,  the 
•ttatam  containing  iron  is  600  feet  in  .width;  and  it  occurs  with  f;ranular 
limestone,  talco.«e  and  chloritie  schists,  and  unci'ss.  At  I'tii,  SwetU-n,  rod, 
ja«pery  quarts  bands  the  ore,  in  the  same  way  as  in  Michigan;  the  ore — tho 
•psealar  mixed  with  the  magnetie— ooeurs  in  mioa  aehist  and  quartsite^  ia  an 
irrsgalarlyoshaped  mass,  about  ISO  feet  in  its  widest  part.  At  Gellivara  there 
ii  an  iron  mountain  three  or  four  mile.s  long  and  one  and  a  half  wide,  consist- 
inir  mofitly  of  magnetic  iron-ore,  with  some  specular  ore.  In  each  of  these 
regions  the  beds  dip  with  tbe  enclosing  rock, — showing  that  all  have  had  a 
ssMsrai  hiitofy. 

Ia  tha  aaaaxad  isations  (8t  Lawiaaaa  90*,  N.T.,  Brnmons),  graaular  lioM- , 
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Itono  is  represented  in  connection  with  gr»nito  and  other  rocks.  In  fig.  145, 
I  is  limeatone,  without  anjr  app«uruDco  of  utratifioation ;  and  the  oontaining 
fo«k  it  gnaito.  Id  tg.  14(^  a  a  an  sneiii^  h  ■taatita^  I  uutnililMl  Hmertniwi. 


Fig.  145.  Vif.  14C 


«       *  a 


Although  a  and  b  arc  nut  evenly  stratified,  yat  thoy  are  suflBciently  so  to  show 
(hat  the  limestone,  while  it  Ihih  lo^it  it.x  divisioB  into  lajen  in  Uio  cryBtalliaing 
procesB,  is  probably  a  conformable  atratum. 

The  order  tlMl^iopSoii  Mnong  the  Aioic  rooln  is  as  TarioiiB  m 
among  the  rocks  of  other  ages.  As  sandstones,  shales,  argUla- 
oeous  sandstones,  conglomerates,  follow  one  another  in  any  succes- 
sion, so  granitf*  or  pneisH  may  lie  botweon  layers  of  slate  or  schist, 
and  quartz  rock  may  have  any  placo  in  the  series.  It  is  common, 
however,  to  find  the  ditlerent  hornblendic  rocks  associated  toge- 
ther ;  and  both  tiiese  and  the  chloritio  often  abound  in  the  iron- 
regions,  nnce  hornblende  and  chlorite  are  ferriferous  minerals. 
Again,  chloritio  schists  are  apt  to  accompany  serpentine;  since 
chlorite  is  a  hydrous  magnesian  species. 

Again,  as  we  recede  from  a  granite  region  we  sometimes  find  the 
rocks  less  and  less  perfectly  crystalline.  j>assing  from  the  granite 
to  the  gneissoid,  from  theno  to  the  schistose.  an<l  last  to  those  least 
crystalline  and  containing  water,  as  talcose  and  chloritic  schist 
and  serpentine.  But  there  are  numberless  exceptions  to  such  an 
order. 

Tho  Atoic  rocks  of  Cnnada  arc  divided  l»y  Logan  into  the  Lavrmtinn, — 
iaelading  the  great  part  of  the  Bystcm,  and  embracing  all  the  regions  to  which 
WO  bsTO  slwTo  psrilenlarly  allndod,— ^nd  the  Hmnmiam,  Mmpriting  s  nwrow 
bsad  on  the  borders  of  Lake  Superior  and  Lake  Hnroa.  The  Huronian  are 
thu«  fioparated  because  they  have  been  found  to  rest  unconformnbly  upon  the 
Laurcntian.  Thejr  consist  of  siliceous  slates,  schists,  quartxite,  conglomerates, 
and  limestones.  The  oonglomeratoa  oontiUn  pebblei  and  bonldors  (some  a  foot 
fai  dlasMtor),  whl«h  mn  dorlTod  In  part  fron  gnein  or  sjenlto  of  the  raljaomt 
Asoio,  and  thus  show  their  later  origin.  Othon  oontain  pebbles  of  jasper  and 
quarts  very  firmly  cemonte<l.  The  nandstones  are  described  also  as  bearing 
ripple-marks.  These  rooks  occur  on  Lake  Temiaeaming  and  on  the  north  shore 
of  Lake  Huron.  No  simllsr  ndts  hmrm  boon  obMrrod  to  tho  oastward  of  tiuoo 
AiCrlett,  oTor  all  Canada  to  Lahrador;  and  if  OTor  thoro^  thoy  hare  boon  lo- 
moved  by  denudation.  The  Huronian  rock*  are  intersected  hy  numerous  dikot 
of  trap,  and  intorstrntificd  and  overlaid  by  the  same  rook.  The  total  thickness 
I  of  the  formation,  according  to  Logan,  is  over  twelve  thousand  feet.    The  iron- 
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or^  region  of  Marquette,  in  Michigan,  baa  been  referred  to  tbo  Iluronian. 
Shuuid  these  Uuronian  ruoka  be  found  hereafter  to  oootain  any  fossils,  thej 
«m1(I  forai  Ihe  tnt  B«mber  of  Uw  Sttorian. 

Aecordiof  to  Bmalt,  mo  talooM  or  ehloiitie  idiiatf  ooear  uiODf  tho  LaaNii* 
tiutfoekf. 

Origiiut  eond^  qf  the  Axeie  The  altenutions  of  argils 

hfleooB,  chloritic.  and  othor  schista  with  quartiites,  limMtone, 

gneiss,  ami  tho  other  Aatoic  rocks,  prove  that  all  were  once  sedi* 
mentiiry  beds, — hods  fortnod  by  tho  action  nf  movin<r  water,  like 
the  sandstones,  argillaceous  beds,  and  limestones  of  later  times. 
They  iiave  no  resemblanee  to  lavjis  or  igneous  ejections.  The 
ftcbists  graduate  into  true  slates,  and  the  quartzites  into  unmistak- 
able nndstones  and  conglomerates;  so  that  there  is  direct  proof  in 
the  gradations  as  well  as  the  arrangraient  in  alternating  layers 
that  all  the  aohlitose  and  silieeous  rocks  are  parts  of  one  aeries 
ef  isdimentary  beds  which  hf  some  process  have  been  hardened 
and  crj'stallized.  Moreover,  from  the  gneiss  there  is  as  direct  a 
passage  to  tho  gneissoid  granite,  and  thence  to  true  granite  and 
syenite:  so  that  even  the  most  higldy  crystalline  rocks  cannot,  as 
a  general  thing,  if  at  all,  be  separated  from  this  series.  These 
Aioic  rocks,  therefore,  are  made  out  of  the  ruins  of  older  Azoic, — 
that  iM,  of  the  sands,  clays,  and  stones  gathered  and  deposited  hy 
the  ocean  as  it  washed  over  the  earliest-formed  crust  of  the  glohe. 
Whsnerer  the  ocean  took  its  place  upon  the  cooling  globe^  the 
conflict  began,  and  sedimentary  beds  wore  the  result;  and  the 
vrifmaf  crust  is  now  SO  disguised  amid  these  later  crystallized  depo- 
Mts,  which  are  here  called  Azoic,  or  is  so  buried  l)eneath  them,  that 
^♦♦ology  can  hardly  expect  to  identify  any  poi  tion  of  it.  The  loose 
luuterial  transported  by  the  currents  and  waves  was  piled  into 
layers,  as  subsequently  in  the  Silurian,  Devonian,  and  Carboni- 
ferous ages,  and  vast  accumulations  were  formed ;  for  no  o£e  esti- 
mates the  thickness  of  the  recognised  Asoic  beds  as  below  fifteen 
or  twenty  thousand  feet.  Limestone  strata  occurred  among  the 
alternations  ;  and  argillaceous  iron-ores,  Uke  the  beds  of  the  Coal 
measures,  though  vastly  more  extensive,  were  a  part  of  the  forma> 
lions  in  th**  fh'])osits. 

The  beds,  moreover,  weie  sjjread  out  horizontally,  or  nearly  so; 
for  this  is  the  usual  condition  with  sediments  and  limestones  when 
flnt  accumulated.  The  original  condition,  then,  of  the  Asoic  rocks 
was  the  same  as  that  of  ordinary  sediments,— in  horiaontal  beds 
and  strata. 

DtstnrbanoM  and  Foldinga. — But,  from  the  sections  and  de- 
leriptaons  on  the  preceding  pages,  it  is  apparent  that  konMomiktl 
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Asoic  rocks  «re  now  exceedingly  uncommon.  The  whole  series 
has  been  upturned  and  flexed,  broken  and  diq»1aced,  until  little, 
if  any,  of  it  remains  as  it  was  when  accumulated. 
This  upturning,  moreover,  is  not  confined  to  small  areas,  nor  has 

it  been  done  in  patphwork-Btyl<> :  for  regions  of  vus^t  extent  linve 
undergone  in  common  a  iJiofoimd  heaving  and  dis|)lacenicnt. 
This  community  of  action  or  history  is  evident  in  the  fact  that  the 
tocks  have  nearly  a  common  strike  {1 113)  over  wide  regions, — the 
strike  being  at  right  angles,  or  nearly  so,  to  the  action  of  the  force 
causing  the  uplift* 

The  strike  in  the  Now  York,  CuDada,  Michigan,  and  Lake  Superior  Aioic 
ia  gumvUy  flrom  the  northeMtwftrd  to  the  fonthweitwud,  or  nearly  parallel  to 
the  oonne  of  the  ApptlaeUsae  and  Green  Mooataiae  or  the  line  of  the  preeeot 

Atlantic  cnast. 

In  the  Now  York  region,  according  to  Professor  Enimon?,  the  course  of  the 
line  of  limestone  from  Johnttburg  to  Port  Henry,  on  Lake  Champlain,  ia  nearly 
mwtkemHt  that  of  another,  along  by  Rossie  (between  Blaek  Lake  and  PIteaim, 
and  from  Thcrcna  nearly  to  Iiisbon  niul  .Mmlrid),  uorth-um  tin a«t  ;  another,  paral> 
lei  to  this,  extends  from  Antwerp  to  Fowler  ami  Edwards.  These  outcrops  of 
limestone  follow  the  line  of  strike ;  for  the  strike  of  the  gneiss  is  in  general 
from  southwest  to  northeast,  or  parallel  to  the  general  course  of  the  highlands, 
aad  therefm  of  the  aplifta.  The  tf(p  varies  firom  I0«  to  ^  either  aide  of  the 
perpendicular.  The  inm-ore  bedf  have  the  eane  ttrilw;  for  all  tegether  eon* 
stitute  one  system. 

In  Canada,  the  limestone  ranges  of  the  township  of  Grenville  have  the  oourse, 
aeoordiof  to  Logan,  between  aortheaat  aad  north-aortheaet,  aad  noetly  tho 
latter.  The  itrllie  of  the  gaelss  aad  aehiiti  has  the  lame  general  ooane.  The 

Asoic  near  Lako  Pupcrior  nppt-nrr^  to  have  the  same  mean  strike. 

This  uniformity  of  direction  ntte^^ts  to  a  uniformity  in  the  direction  or  action 
of  the  uplifting  force,  as  above  remarked.  The  strike  of  the  Aioie  rocks  of 
SeaadlnaTia  !•  alao  to  the  northeaetward,  with  no  greater  ▼arlations  than  oeenr 
bl  the  American  Azoic ;  and  this  common  course  there,  whether  connected  or  not 
with  that  on  the  opposite  side  of  the  Atlantic^  indioatea  eome  Tait  oomprehensiTe 
agency  as  tho  origin  of  the  disturbance. 

The  beds  were  laid  down  as  sediments  over  unmense  continental 
areas;  and  then  followed  a  period  of  uplift,  when  the  horizontal 
layers  irere  pressed  into  folds  and  displaced  on  the  grand  scale  ex- 
plained. Many  such  periods  of  uplift  may  have  previously  occurred. 
But  it  is  evident  that  uplifting  and  disturhance  avito  not  the  prevail- 
ing condition  of  Azoic  times,  any  more  tlian  tiioy  were  of  later 
ages.  This  \a  proved  by  the  conformability  of  the  various  Azoic 
beds  to  one  another  in  this  system  of  foldingik  An  age  of  com- 
paratiye  quiet,  allowing  of  vast  accumulations  of  horiaontal  strata, 
must  have  preceded  the  epochs  of  revolution. 
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Evidences  of  different  ei«ich."^  of  revolution — thnt  is,  of  uplift — may  hcroaftcr  bo 
detected  La  the  Azuic ;  but  thus  fur  nu  dvllnite  prugreea  hue  been  made  tuwuxdd 
tlus  end,  ezeepting  in  the  separation  of  the  Haroniiui  proposed  hj  Logan. 

Alterations  :  Solidification  and  crystallization. — Besides  tho 
universal  (;li>i)l;ici  nu  in iliere  was  an  almost  universal  erystallizar 
tion  of  the  old  sedimentary  beds  and  limestones  ;  and  now,  in  place 
of  the  sands  and  clays  and  earthy  limestono  layers,  tlie  rocks  are 
erjBtaUued  into  granite,  gneiss,  syenite,  granular  limestone,  etc., 
Ij  the  solidifying  process,  and  thus  have  lost  almost  every  trace  of 
ihor  original  sedimentary  aspect.  The  once  massive  and  earthy 
limestones  now  contain  in  many  places  crystals  of  mica,  seapolite, 
apatite.  s|»inel,  etc.,  in  place  of  their  old  impnrities,  and  the  lime- 
atone  its.df  is  a  white  or  variepited  architectTn-al  marhle.  The 
argillac*  )us  iron-ore  has  become  tin*  bright  specular  and  magnetic 
ores,  and  it  i-s  banded  by,  or  alternates  with,  schist  and  quartz,  etc., 
which  were  once  accompanying  clay  and  sand  layers. 

Gninite.  syenite,  and  hyporito,  nlthouph  fhcy  present  no  linos  <>f  stratification 
or  foliation,  are  embraced  among  the  mctaiuurpbic  rocks  as  on  actual  part  of 
the  series;  for  the  dight  difference  of  structure  between  them  and  gnoin  is  no 
evidence  of  differenee  of  origin.  Wiiatever  eiystala  th^y  contain  besides  tbeir 
f'WTi  crystalline  prain«, — as  of  pyroxene,  parnet,  jipheno,  wrdlaatOttitef  horn- 
blende, feldspar, — all  were  due  to  the  same  system  of  altcnition. 

The  upturning  msj  have  brought  up  also  the  granites,  ^tycnites,  and  other 
rseks  of  a  preTioos  metsmorpUo  period,  or  some  of  the  nether  granitio  roehs 
belonging  to  the  first-formed  onut;  but  there  is  no  means  at  present  recognised 
for  diKtinjjniabini;  them;  and  in  many  places  the  distim-t  alternation  of  the  gra- 
aite  or  syenite  with  the  gneifls  and  schists  proves  beyond  doubt  their  coti>m- 
poianeons  origin,  at  the  last  great  Asoie  rerolution,  out  of  a  oomnion  series  of 
ledisMataaqr  stmta.  That  this  reyolntion  preceded  the  Silurian  ago  is  hnowa 
fton  the  ftefc  that  the  Silurian  beds  overlie  tiiem  naoonfomiably. 

It  is  remarked  on  a  preceding  page  that  some  of  Uie  Atoio  rooks 
may  have  undergone  a  second  or  third  alteration  during  the  follow- 
ing agee,  and  that  the  magnesian  and  aluminous  potstones  and 
part  of  the  serpentine  and  its  associated  minerals  may  be  among 

these  lat4^r  products.  The  mind  that  lias  any  adequate  appre- 
hension of  the  remoteness  of  that  Azoic  era  will  not  question  tho 
proV)ability  of  such  changes,  and  is  ready  to  wonder  rathci-  that 
the  evideuceH  of  subsequent  alterations  are  not  more  extensive  and 
obvioaa. 

Ufs  of  fha  Aioio  Agtt.— Tho  term  '*aagac,"  aa  here  used,  implies 
abeenoe  of  life,  hut  not  neceasarily  of  the  lowest  grades. 
'  The  reasons  in  favor  of  the  existence  of  life  of  some  kind  are — 

1.  The  formation  of  limestone  strata  in  the  Aaoio  age  like  those 

11 
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of  the  SUurum,  in  connection  with  the  fact  that  Silurian  and  later 
limestonos  nro  known  to  Ix?  mainly  made  from  organic  rt^lics. 

2.  Tile  oocurrciico  of  graj)hite  in  the  linu-stoiu'  ami  other  strata, 
— grajtliitf  luMiig  known  to  be  a  common  result  of  the  exjiosure 
of  mineral  coal  or  charcoal  to  u  high  heat,  and,  in  certain  rocks 
of  Bhode  Island  and  MasBadiiuettB,  having  undoubtedly  been  made 
from  vegetable  remainB. 

3.  The  occurrence  of  anthradte  in  small  pieces  in  the  iron- 
bearing  rocks  of  Arendal,  Norway,  which  rocks  are  probably  Aaoio 
in  age. 

Against  tliis  organic  origin  it  may  he  urged  that  the  limestones 
and  graj)hite  may  have  heen  of  chemical  origin;  and  in  tlie  earlier 
age  of  the  globe,  when  there  exi.->ted  a  heat  too  great  for  animal 
life,  the  occurrence  of  such  chemical  formations  is  not  improbable: 
yet  the  argument  still  leaves  it  an  o[  k  n  4uestion« 

Supposing  the  existence  of  life  of  some  kind,  it  is  more  likely  to 
have  been  veigetable  than  animal. 

1.  In  the  progressing  refrigeration  of  the  globe,  a  temperature 
fit  for  vegetable  life  would  have  b<^on  reached  before  that  which 
animal  life  could  sustain.  If  there  is  any  exception  to  this,  it  is  to 
be  found  only  among  the  lowest  species  of  animal  life;  and  there 
is  as  yet  no  evidence  that  such  exceptions  exist. 

2.  The  graphite  and  anthracite  indicate  vegetable  life,  if  any 
at  all. 

3.  There  are  among  the  Azoic  rocks,  slates,  sandstones,  quart*' 

ites,  and  conglomerates  which  arc  not  more  altered  than  some 
Silurian  rocks  containing  fossils;  and,  had  MoUusks  and  Critioids 
existed,  shells  and  Encrinites  sliould  l>o  found  in  the  beds.  More- 
over, the  great  beds  of  iron<jre  rait  ly  contain  a  trace  of  jjhos- 
phates;  and  this  is  some  indication  that  there  was  httle  or  no 
animal  life. 

4.  The  Silurian  formation  commences  with  the  same  genera  and 
partly  with  the  same  species  of  animal  life  in  different  parts  of  Eu- 
rope  and  America, — ^mdicating  that  the  actual  bottom  of  the  serica 

of  animal  life  had  been  reached  alike  in  both  countries. 

5.  Again,  in  America  a  period  of  folding  and  crystallization 
appears  to  have  terminated  the  Azoic  age.  making  a  fitting  close 
to  the  era  of  the  earth's  primal  inorganic  history.  The  latter  part 
of  this  long  time  of  revolution  (whose  centuries  may  have  been 
counted  by  scores)  was  the  epoch  of  the  unfossiliferous  Huroniaa 

'  beds,— since  these  terminate  the  Asoic,  according  to  Logan.  They 
indicate,  as  far  as  studied,  no  existing  animal  races. 

6.  It  is  possible  that  vegetable  life  may  make  strata  of  Unie- 
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stone.  There  era  coral eeatoting  plants  ae  well  as  animala;  and 
meh  plants  are  called  GorollineB.  There  are  also  microecopic  in- 
fusorial plants ;  and  thoso  secreting  silica— (he  aiUceous  infusoria 
(Diatom8)-HU*e  known  in  later  times  to  have  made  extensive  beds 
of  ro<  ks.  Limestone  beds  have  been  mado  from  tlie  microscopic 
Rhizopods ;  for  clialk  is  largely  due  to  their  growth  and  accumu- 
lation. And  these  Hhizopods.  although  animal,  are  extremely  low 
in  the  scale, — little  above  the  spores  of  sea-Mreeds :  so  that,  if  exist- 
ing then,  they  simply  foreshadowed  the  ftiture  animal  kingdom. 

Whenever  the  earliest  plants  howeyer  minutCp  was  created,  then 
the  grand  idea  of  life  first  had  ezpreesion,  and  a  new  line  of  pro- 
gr-'ss  in  the  earth's  history  was  announced. 

Relations  of  the  North  American  Azoic  to  the  continent. — 
The  map,  fig.  130,  cannot  be  examined  without  perceiving  at  once 
the  following  striking  facts: — 

That  the  great  Azoic  area  of  the  continent  has  (1)  its  longer  leg,  • 
B  B,  parallel  approximately  to  the  Bocky  Mountains  and  Pacific; 
and  (2)  its  shorter,  CO,  parallel  to  the  Appalachian  Bange  and  the 
Athffltic;  that— 

(3)  Tlie  peninsula  of  Florida  is  nearly  in  the  course  of  the  Pacific 
branch,  B  B:  and  (4)  the  Missouri  and  Arkansas  Azoic  r^^ions  {MA) 
»re  nearly  in  tlie  course  of  the  Atlantic  branch,  ('('. 

f).)  That  the  northwest  si<le  of  Lake  Superior  and  the  Azoic  of 
the  Black  Hills  lie  in  the  same  line. 

Sodk  are  some  of  the  structure-lines  of  the  ccmtinent  in  this  its 
ci^  or  Asoic  state.  They  are  features  that  were  never  afterwards 
effimd :  instead  of  this,  ^ej  were  manifested  in  every  new  step 
in  the  progress  of  the  continent. 


[From  this  point  the  progress  of  the  life  of  the  globe  is  a  pro- 
minent part  of  geological  history.  A  brief  review  of  the  system 
of  life  is  therefore  here  introduced,  together  with  some  of  the 
details  respecting  those  of  the  sabdivisions  that  dharacteriae  the 
Sihirian  age.] ' 

1.  ANIMAL  KINGDOM. 

In  the  Animal  Kingdom  there  are  four  Sub-Kingdoms,  based  on 
four  distinct  types  of  structuie,  each  having  its  system  of  subdi- 
Tisions  of  several  grades  or  ranks.  These  sub-kingdoius  are  as 
ft^ow,  beginning  with  the  lowest: — 

I.  Badiatee. — ^Having  a  radiate  structore,  like  »  flower  or  a  star, 
iatemally  as  well  as  externally.  The  animals  have  a  mouth  and 
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stomach  for  eating  and  digestion,  and  hence  they  are  widely 
diverse  from  plants. 

The  figs.  147  to  156  represent  examples  of  Radiates:  147,  an 
Actinia,  or  Polyp;  148,  149,  living  corals,  the  animals  of  which  are 
polyps  ;  150,  a  Medusa,  or  Acalcph, — also  called  Jelly-fish, — showing 
well  the  internal  as  well  as  external  radiate  structure,  as  the  animal 
is  nearly  transparent;  151,  152,  polyp-like  species  of  the  class  of 
Acalephs ;  153,  an  Echiyiits,  or  Sea-urchin, — but  not  perfect,  as  the 
spines  which  cover  the  shell  and  give  origin  to  the  name  Echinus 
are  removed  from  half  its  surface  to  show  the  shell :  154,  a  Star-fish; 
155,  156,  Crinoicls, — animals  like  an  inverted  Star-fish  or  Echinus, 


Figs.  147-156. 


Rapute.1,  Apt.  147-156.  1.  Palyp$ :  Fig.  147,  an  Actinia ;  148,  a  coral,  Dendmphyllia ;  149,  a 
coral  of  the  genna  Oorgonia.  2.  AcaUphs:  150,  a  Medura,  gonns  Tian>p«i«:  151.  Hydra 
(X8);  152,  Syncoryna.  3.  Echinodenm:  163,  Echinus,  the  npiiifsi  removed  from  half 
the  8urfnce  (X  %);  1^.  SUr-flah,  Palieaater  Niagarenaij;  \b5,Criturid,  EncriDUsliliiformit; 
156,  Crinoid,  of  the  family  of  Cystlds,  Callocyatltes  JewettU. 


standing  on  a  stem  or  pedicel,  like  a  flower.  Fig.  157  is  the  shell 
of  another  Sea-urchin ;  and  fig.  158,  another  Crinoid.  Figs.  523 
to  535  are  additional  examples  of  Radiates. 

The  radiate  feature  exists  not  only  in  the  external  form,  but  also 
in  the  interior  structure.  The  mouth,  when  furnished  with  cal- 
careous jaws  or  mandibles,  has  a  circle  of  five  of  them ;  and  the 
nervous  system,  when  distinct,  is  circular  in  arrangement. 

II.  MoUuakB. — The  structure  essentially  (1)  a  .'<oft,  fleshy  bag. 
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containing  the  stomach  and  viscera,  (2)  without  a  radiate  Btructure, 
and  (3)  without  arhculations.  The  animalii  of  the  Oyster  and  Snail 
are  examples.  In  some  kinds  tliere  are  eyes  and  arms,  but  the 
arms  or  appendages  are  never  jointed;  and  in  this  the  species  are 
distinct  from  Articulates. 


F\gs.  157-159. 


RiDiATU. — Fljr-  157,  an  Rcblnas  wttliont  \t»  iiplnpn,— the  Clypean  niiRl  of  the  OoHte:  15J», 
the  livinc  P»Mit*crUiU«  Ca|>ut-M<^luiw  of  tlie  W'fut  Iiidiei*  ( V  l^);  <i,  b.  c,  </,  outline  of  the 
ftem  uf  liiffi-rent  NiHTieH  of  Pciitacrini ;  159,  plates  composing  the  body  of  a  Crioid,  Acti- 
Docriniu  longiroetrifl  Hall. 


Figs.  1(jO  to  1G8  represent  some  of  the  kinds  of  Mollusks.  Figs. 
160,  163,  104,  165,  are  shells  of  different  species  ;  166,  the  shell  of  a 
mail,  with  its  animal;  168,  another  shell,  the  Xautifus,  with  its 
animal ;  162,  a  magnified  view  of  a  minute  coral,  with  the  living  ani- 
mals projecting  from  the  cells,  which,  although  apparently  radiated 
like  a  polyp,  are  still  Mollusks,  because  this  radiation  is  only  exter- 
nal, as  b  apparent  in  fig.  162  a,  which  represents  one  of  the  animals 
taken  out  of  the  cell  and  more  magnified.  Fig.  ItiO  is  another 
Mollusk, — a  Cephalopod, — having  some  resemblance  to  the  Radiates 
in  the  iK>sition  of  the  arms,  but  none  beyond  this. 

The  name  Mollusk  is  from  the  Latin  moliis,  soft.  The  shells  are 
for  the  protection  of  the  soft,  fleshy  bodies. 

III.  Articulates. — Consisting  (1)  of  a  series  of  joints  or  segments, 
*nd  (2)  having  the  viscera  and  ner\'ous  cord  in  the  same  general 
cavity,  but  (3)  having  no  internal  skeleton  ;  as  Worms,  Crustaceans, 
Intecis. 
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The  articulations  are  made  in  the  hardened  skin,  and  not,  as  in 
Vertebrates,  in  internal  bones ;  and  the  principal  nervous  cord 

Figs.  160-168. 


MOLLVSU,  fig*.  160-108.— 1.  Brachiapoda :  160,  'IVu  biiituU  imprena,  of  tb«  Oolit«;  181, 
LiiiKiila,  on  iU  litem.  2.  Bryotoa:  162  (X  8),  162  a,  geuiu  £achar«.  3.  Omchifer$,ai 
Oymmon  Biraltet:  163,  IM;  165,  the  Oy«ter.  4.  Gutteropodt :  166,  Helix.  6.  Pieropods: 
167,  g«uiu  Cleodora.   6.  CVi)Aa/opod«;  168,  Nautiliu  (X  >i0- 


Fig.  169. 


Tho  CaUmary  or  Siiuid,  LuUku  vtilKfiriii  (length  of  liody,  6  to  12  inches) ;  i,  th«  dnct  by 
which  the  Ink  i«  thrown  out ;  p,  the  "  pen." 

I)a.%8es  helow  the  stomach  and  intestine,  and  has  usually  a  ganglion 
1^  in  each  segment  of  the  body, — so  that  tho  articulate  structure  is  in- 

dicated by  the  nervous  8y.stem  as  well  as  by  the  joints  of  the  body  and 
its  members.    The  fundamental  clement  of  the  body  is,  hence,  a 
1^  segment  or  ring  containing  a  nervous  ganglion  and  a  portion  of  the 

'  viscera.    In  some  worms  the  segments  are  so  far  independent  that 

WT  the  animals  multiplv  by  spontaneous  fission. 
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Some  of  the  Articulates  are  shown  in  figs.  170  to  179.  Fig.  170  is 
a  sea-shore  worm ;  171,  a  Crab  ;  172  to  177,  other  Crustaceans ;  178, 


Fig«.  170-179. 


AlTiCTXATV,  fif^.  170-179. — 1.  Worms:  170,  Arcnicohi  piscatorum,  or  Lob-worm  (X  Vc)-  2. 
Cnutnreani:  171,  Cnib,  upecicn  of  CiinriT;  172,  an  I«opod,  Bpecies  of  PorcclUo;  173, 
ta  Amphipod,  iipecies  of  Orche«tia ;  174,  an  I»op«d,  «pocie«  of  St'r«Un  (X  J^):  I'ri,  17ft, 
Sapphirina  Irii;  175,  femalo,  176,  male  (X  6);  177,  Trilobito,  Cnlymeiiu  Dhinionbacbii ; 
17&,  CjUtere  Americana,  of  tb«  CyprLi  Cnmily  (X  l'<2) ;  179,  Auatifu,  of  tbo  Cirripetl  tribe. 


another  Crustacean,  having  a  shell  like  a  Mollusk,  but  showing 
that  it  is  a  true  Articulate  in  having  its  legs  and  antennce  jointed, 
as  well  as  the  body  within  the  shell ;  179,  representing  a  Cirriped, 
is  also  somewhat  like  a  Mollusk  in  its  shell, — though  articulate  in 
structure,  as  the  logs  show,  and,  in  fact,  a  Crustacean.  Centipedes, 
and  all  Insects,  as  well  as  "Worms,  are  other  examples  of  Articulates. 
The  name  of  the  sub-kingdom  is  from  articu/us,  a  joint. 

IV.  Vertebrates. — Having  (1)  a  jointed  internal  skeleton,  and 
(2)  a  bone-sheathed  cavity  along  the  back  for  the  great  nervous 
cord,  distinct  from  the  cavity  for  the  viscera:  as  in  Fishes,  JReptiUs, 
Binii,  Qriadrtipedt. 

The  skeleton  is  made  up  of  vertebrae,  or  the  bones  of  the  verte- 
bral column,  with  their  appendages ;  and  a  vertebra  is  the  funda- 
mental element  of  the  structure.  The  bone-sheathed  cavity  occu- 
pied by  the  ne^^•ous  cord  is  enclosed  by  processes  from  the  upper 
(or  dorsal)  side  of  the  vertebrae,  and  the  visceral  cavity  by  the 
ribs,  which  are  processes  from  the  lower  side  of  the  vertebrae. 
The  legs  and  arms  are  appendages  to  the  system  of  vertebrce  and 
ribs. 

Recapitulation. — In  Radiates  the  structure  is  radiate  or  flower- 
like.  In  Mollusks  it  is  bag-like  and  simple.  In  Articulates  it  is 
made  of  a  series  of  rings,  and  is  composite  both  in  the  structure 
of  the  skeleton  and  the  nervous  system.  In  Vertebrates  it  is  made 
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of  a  series  of  vertebree,  and  is  hence  composite  in  the  skeleton 
hut  esBentially  simple  in  the  nervous  system. 

V.  Protosoa. — ^Besides  thespecieeabove  included,  thereoreothen, 
of  extreme  simplicity  of  stractore,  which  axe  sometimes  referred 
to  the  Badiates  und  sometimes  to  a  separate  group,  called  Protozoa 
(from  rp<,>rof,  ftrst,  and  (omv,  animal).  They  embrace  some  of  the 
microscopic  orpin  isms  ov  animiilculcs,  und  also  th©  SpougOB.  They 
have»  in  general,  no  proper  mouth  or  stomach. 

Slbdivisions  of  the  Sub-Kingdoms. 
[Details  relating  to  the  higher  grouj)s  are  given  as  follow:  Fuhes, 
p.  277 ;  JUptilcs,  p.  343 ;  Mammals,  p.  421.] 

I.  VxXfBBBATBB. 

Four  cksses  are  generally  recognized : — 

1.  Mammaia. — Speoiea  suckling  their  yo«ng,«-^  eharaoteristic 

peculiar  to  this  highest  branch  of  the  animal  kingdom:  all  are 
warm-blooded  and  air-breathing.  Example*:  ordinary  Quadrupeds, 
large  and  small,  witli  Whales  and  Seals. 

2.  Birds. — Warni-l)loo<icd  an<l  air-breathing;  oviparous;  covered 
with  feather}*,  and  adapted  for  flying. 

3.  licptiUs. — Cold-blooded,  air-breathing ;  oviparous ;  skin  nuked 
or  covered  with  scales,  as  the  Crocodile,  Lizard,  Frog. 

4.  /IfAef  .•~Cold>blooded ;  breathing  hy  means  of  gills ;  skin  naked 
or  covered  with  scales. 

II.  Articulatss. 

The  classes  are  five  in  number, — three  of  them — Insects,  S^Mden, 

and  M'/riitfxvf.s — aerial  in  resj)irution  ;  tlie  other  two — Crustarmn.'^  anA 
Worn^s — breathing  by  means  of  gills,  and  living  in  water  or  moist 
earth. 

A.  Respiration  through  breathing-holes  (spiracles)  along  the  sides 
or  posterior  part  <tf  the  body;  admitting  air  to  circalate  in  the 
interior.   Essentially  land  or  aerial  species. 

1.  Znteett. — ^The body  in  Uiree  parts, — ahead,  thorax, and  abdomen 
distinct ;  only  three  pairs  of  legs.  Hxampla:  the  Beetle,  W«q)^  Fly, 
Butterfly. 

2.  Sjjitfrrs. — The  body  in  two  j)arts.  the  head  and  thora.x  not  dis- 
tinct; four  pairs  of  legs.    l-lxampUjs:  the  Spider,  Tick,  Sooi  ])ion. 

3.  Myriapods. — The  body  worm-like  in  form,  the  head  not  promi- 
nently distinct  from  the  rest ;  legs  numerous.  Example:  the  Cen- 
tipede. 
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B.  Respiration  aqueous  or  by  means  of  giUa,— Hinless  the  species  is 
90  minute  that  the  surface  of  the  body  is  equivalent  to  a  gill  in  its 
action.   Essentially  water«peciesy  living  either  in  water  or  moist 

places. 

4.  Criu<ttiir<ai,3. — The  body  in  two  parts, — an  anterior,  called  the 
eephaloUioraXf  consi^tiug  of  a  head  and  thorax,  the  posterior  called 
the  Mamm;  locomotion  by  means  of  jointed  organs.  Examples:  the 
Ciab,  Lobster,  Shrimp. 

5.  Wcmu. — ^Worm-like  in  fonn,  without  any  division  into  cephalo- 
thorax  and  abdomen  ;  the  body  fleshy  :  no  jointed  legs,  though 
often  furnished  with  tubercles,  lamellte.  or  bristles.  Example*:  the 
Lirth-worm.  Leech,  Serjmla,  Intestinal  Worm. 

The  vvuter-species  of  Articulates  commence  in  the  iSilurian,  and 
art"  here  further  explained. 

Crostaceans. — Among  Crustaceans  there  are  three  orders: — 

The  Jirtt,  or  highest,  ten-footed  species,  or  Decapod*;  as  Crabs  (fig. 
171)  and  Lobeten. 

The  meifndt  JwrtH^^fookd  species,  or  Tetradeu^podt  (figs.  172, 173, 
174). 

The  third  and  lowest,  irreguhir  in  number  of  feet,  and  unlike 
the  Tetmdecapods,  also,  in  not  having  a  series  of  appendages  to 
the  abdomen :  the  specicB  are  called Entomostracans,  from  the  Greek 
for  tiw£ct«  with  shells, 

(«.)  Among  Um  Decapods,  Otahs  are  eallsd  Braekfaraas^—ttam  the  Oresk  ftr 

Aott-taUe<i,  the  ubdotueB  Mag  small  and  fuldcil  up  under  the  body  ;  the  Lob- 
rtan  and  Shrimps  Macrournnn,— from  the  Qrook  for  long-tailsd,  th«  abdomen 
being  as  I  m;;      tin?  rest  of  (lu-  body. 

(&.)  Among  the  Tetradtmpod;  figs.  172,  174  represent  spedss  of  the  tribe  of 
I^pod*  (a  word  naaaing  equal-fcotod),  aad  llg.  173  of  thai  of  Amphipoda  (feet 
•f  two  kinds,  abdominal  as  well  ae  tliorado).  Fig.  172  is  the  Sow-bug,  eom- 
■OB  under  stonea  and  dead  logs  in  moist  soiL  Fig.  174  is  the  Sand-flea,  aboa- 
4«Tit  fttnon^  the  sea-wccd  thrown  up  on  a  coast.  In  fi^r**.  172,  174  (Ifopodn), 
Uie  abdomen  is  abruptly  narrower  than  the  cephaluthurax ;  its  appendages 
isieraMilh  ave  giila.  In  Ig.  173  (Amphipod)  the  abdomea  Is  the  part  of  the 
My  Utat  tka  ^ghlh  segmsnt ;  its  appondages  ara  swiauning  legs  aad  stylet^— 
the  t^WU  in  the  Amphipods  being  attaehed  to  the  bases  of  the  true  legi,  and  not 
to  the  abdomen. 

(e.)  Among  Entomo»tr<irnnt  the  formH  arc  very  various.  The  absence  of  a 
lariae  of  abdominal  appondageti  is  the  most  persistent  ehaneteriatie.  The  eyes 
Isafcw  qMeiee  have  a  prominent  eomea;  bat  in  the  moit  of  «ii«m  the  oemea 
ii  fatmial  and  there  is  no  projection.  In  the  Cyclops  gmnp  the  ftpecies  have 
often  a  !>hnmp-Iiko  form.  a»  in  fi;r-  17.'>.  though  usually  minute.  Sometimes  the 
ntale  and  female  differ  much  in  form  :  17t>  is  male  an<l  176  female  of  the  S'apphi- 
vfae  Iris;  a  6  is  the  cephalothoraz,  and  b  d  tho  abdomen.   There  ace  logs  on 
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tho  under  surface  of  thp  anterior  part,  fitted  for  prafpinp,  and  others  behind 
these,  fur  swimming.  In  the  Valigua  yroup  tho  species  resemble  176,  but  the 
Boath  it  tnnik«ih»pe<l  mad  movmblt.  In  the  O^prit  group  th«  aalnul  it  «••- 
«timdiBsUTalTetlM]],Minfig.l78>mdtht7anheBM«tll«dOMraeoMfe  Tbtj 
are  seldom  a  f|tmrtrr  of  an  inch  long.  In  the  Daphnia  group  tho  body  has  a 
bivalve  shell  in  Cypris,  but  the  shell  does  not  cover  tho  head  or  cIohq  at  the 
margin.  In  the  Limulua  group — containing  the  Horseshoe  of  the  sea-coauts  of  the 
Vnitod  Btttat  there  it »  broad,  thield.like  thell,  and  a  nnmbw  of  ttoat  lagi^  llw 
basal  jointt  of  which  servo  fur  jaws.  In  the  Phylloped  group  the  fonn  ft  tithar 
shrimp-like,  approuchin?  Tyclops,  or  like  Dajjhnia  or  Cvpris :  but  the  append- 
ages or  legs  aro  foliaoeuuii  and  oxcoasively  numerous  :  tho  name  is  from  the  Ureek 
for  laaf-lfta  faet  In  the  CKrr^Mcl  or  BamaeU  gromp  the  animal  has  usually  a 
hard,  ealearaotu  ebell,  and  it  permanantly  attached  to  tome  rapport,  at  in  tha 
Anattfa  (fig.  170)  and  Bamaete.  The  animal  throws  out  a  number  of  puir.^  of 
slender  jointed  arms"  looking  a  little  like  a  curl,  and  thus  t.ikcs  \{f  food,— 
whence  tho  name,  from  the  Latin  ciVrwt,  a  curl,  and  foot.  Tho  Anatifa 
hat  a  flfltliy  ttam,  whOa  tha  ordinaiy  Bmnmd*  it  flxtd  flzmly  by  tha  tbtll  to 
ilttnpporl. 

Tdlobites.— The  Trilobiia  (fig.  177,  and  also  245  and  320,  322), 
which  occur  only  fossil,  have  a  resemblance  both  to  the  Entomos- 
tracani  and  the  Tetradecapods.  The  similarity  to  fig.  174  (a  SeroUs) 
among  the  latter  is  apparent;  but  they  sm  supposed  to  be  still 
nearer  the  Entomostracans,  and  csi>oeiaUy  tilie  group  called  Phyl- 
lopods,  in  wliich  tlio  legs  are  thin-foliuceous  and  very  numerous, — 
for  no  remains  of  le^n  art'  found  witli  any  Tiilolutt-s,  which  would 
not  be  the  ca.sc  if  they  had  had  the  stout  legs  common  to  Crus- 
t4iceans  of  tlie  same  size.  It  in  possible  that  the  abdomen  (c  (L, 
in  tig.  177)  had,  beneath,  a  series  of  appendages;  and,  if  so,  they 
differed  from  all  known  Entomostracans,  and  approximated  to  the 
Tetradecapods.  The  division  of  the  body  longitudinally  mto  three 
lobes,  to  which  the  name  trikHnU  teten,  is  in  some  species  very  in- 
distinct, and  there  is  in  no  case  more  than  a  mere  depression  and 
suture. 

In  tha  THtohit0  tha  diall  of  tha  htad>pottiea  (a  h,  flg.  177)  it  ntnaUy  eallad 

the  hurklrr;  the  taO- (or  properly  abdominal)  ohit-M,  when  there  is  one  (fig.  320), 
tho  pyr/idium.  The  buckler  (n  b)  in  divided  by  a  longitudinal  depression  into 
the  cketka,  or  lateral  areas,  and  the  glabellof  or  middle  area  (fig.  177).  The  cheeks 
art  ntnaily  diridtd  hy  a  tatnrt  oztanding  from  tho  front  nargin  by  tha  ianar 
side  of  the  t-yo  to  cither  tho  posterior  or  the  lateral  margin  of  the  shell.  In 
fig.  177  (  Culi/m'iir  INiiiiir  nliiu  fiii)  tliif  suturt-  tenninnfe?  near  the  posterior  outer 
angle.  The  glabella  may  have  a  plane  surface,  or  bo  more  or  less  deeply  trant- 
venely  fturowtd  (fig.  177),  and  usually  with  only  thna  pain  of  fturovt. 
Wofma. — ^Woimt  art  diridod  into— 

(1.)  Doriihinnchiatet,  or  frt-e  8ea-wnrni.«.  having  in  gtBOral  short  branchial 
nn^andagai  along  tha  haek.  ManytwimfreainthoopontaayaadothMtUToiatha 
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Mad«  of  Mft-shona  or  the  muddy  bottom.  The  Arenicoh  family  includoii  upeoiea 
thttllMRMriB^Madtof  Mft-riiorM.  Fig.  170  npramto  the  il.  j»<MafofiMi,or 
I«b>iram»  wlueh  k  Mmmon  on  European  shores,  and  gwwi  to  the  liw  nt  the 

finger.    Ooe  species  of  Eunice  haa  a  length  of  fuur  feet. 

(2.)  The  Tubicola,  or  Serpula  tribe,  which  live  in  a  calcareous  or  membranous 
tube  and  have  a  delicate  branchial  flower,  often  of  great  beauty,  near  the  head. 
Thtj  wn  flonflned  to  nit  wnter.  The  tnbot  oflon  ponetrnte  ooral%  uid  tho 
Vnaekial  flomr  oobm  out  as  a  rival  of  the  ooral  polyps  around  it. 

(3.)  The  Tfrrtcola  (Oligochicta),  or  Earth-wom  tribo^  dMtitate  of  bfuohial 
appendages  :  a?  the  common  Earth-worm. 

(4.)  The  Huetoria,  or  Leech  tribe ;  sucking-worms ;  as  the  Iieech. 

Berfdei  theee  then  nn  the  MdmitUk^  ineladiag  moit  Imu^M  ssomv,  and 

III.  MoLLOTKS. 

The  Ordinary  Molludcs  are  usually  divided  into— 

(1.)  The  Acrphals,  or  headleMS  MoUush ;  as  the  Ch/ster  and  Clam; 

(2.)  Tlie  Cephalates,  having  a  head;  as  tlio  Snnif. ;  ami, 

(3.)  The  Cephdopods,  having  the  head  furnished  with  feet;  as  the 

CuUk'Jush. 

The  headless  species  have  a  moutli,  but  no  perfect  organs  of 
sight ;  the  Cephalates  haye  distinct  eyes  end  »  distinct  head  (fig. 
166);  the  Cephalopoda  have  the  ejes  Urge,  and  can  grasp  with 
great  power  by  means  of  thdr  arms  (fig.  169).  These  arms  corre- 
spond to  mouth-appondagt or  palpi  (feelers)  in  Other  MoUusks. 

The  flfsliy  V>o(ly  of  Molhisks  has  on  either  side  a  loose  skin  or 
fleshy  leaflet  starting  from  tho  bark,  whicli  oovon?  the  sides  of  the 
both-  like  a  cloak,  and  is  eitlier  open  or  closetl  along  the  venter:  it 
is  called  the  mantle  ov  paUium  (cloak).  This  mantle  lies  against  tho 
shell  in  the  oyster,  clam,  and  allied  species,  and  secretes  it ;  and  in 
the  univalTes  it  is  reflexed  over  more  or  less  of  the  exterior  of 
Uie  shell,  and  performs  the  same  fiinction.  It  enables  the  animal 
to  give  the  ornament  in  color  and  form  whidi  is  found  over  the 
exterior  of  many  univalves. 

1.  Cephalopods,  or  Cuttle-fish  tribe. — The  shells  of  this  tribe 
are  distinguished  almost  invariably  by  having  transverse  j)artitions, 
— whenee  they  are  called  chambrrcd  shells  (fig.  108).  They  may  bo 
either  straight  or  coiled ;  but  with  few  exceptions  they  are  coiled 
10  a  plane,  instead  of  being  spiral.  A  tube,  called  a  mphmek, 
passes  tiirough  the  partitions;  and  this  siphuncle  may  either 
be  central  or  nearly  so,  as  in  the  genus  NauiUm  (fig.  168),  or  lie 
alotig  the  inner  or  vmtml  side  of  the  cavity,  or  the  outer  or  dorsal 
ride,  M  in  Ammonilu,  The  animal  occupies  the  outer  chamber, 
ai  in  fig.  168. 
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The  mouth  of  the  Cephalopocb  haa  generally  a  pair  of  homy 
mandiblei,  like  the  beak  of  a  hawk  in  form;  and  these  fiiaail  beaka 
haye  been  called  Bhynehtditea, 

These  chambered  shells  containing  Cephalopoda  were  once  ex- 
tremely numerous  ;  but  only  half  a  dozen  living  species  are  known, 
and  these  are  of  the  genus  A\tutiliL$.  Modern  Cephalopods  are  almost 
exclusively  rudrd  s])ecies,  having  an  internal  shell,  it"  any.  In  a  few 
species,  as  in  the  genus  >Sjiiruia,  the  internal  shell  is  chambered  and 
coiled  (the  coils  not  touching) ;  but  in  the  rest  it  is  straight,  and 
seirea  only  to  atiflRsn  the  soft  body.  In  the  Cuttle-fiah  it  is  spongy- 
calcareous.  In  the  Squid,  or  Galamaiy,— «  more  slender  animal, 
requiring  some  flexibility  for  its  movements* — ^it  is  homy,  and  is 
.called  the  pen  {p,  fig.  100).  In  some  cases  it  has  a  small  conical 
cavity  at  the  lower  en<l.  In  the  Belemnite,  a  group  of  fossil  species, 
it  was  stout,  cylindrical,  and  calcareous,  with  a  deep  conical  cavity, 
and  on  one  side  the  margin  was  prolonged  into  a  thin  blade 
(figs.  702,  703). 

The  Cephalopoda  arc  divided  into — 

(1.)  Dibranchtatet,  having  two  gills  or  branchia;,  us  in  the  Octopus,  Cuttlc-fieh, 
Squid,  Belemnite,  Spirula,  Argonaat, — inoluding,  therefore,  all  existing  naked 
0«p1ulopod%  bsrfdss  Om  AisoBMt  (tlia  Ps|i«r<«satfliu),  whoss  ihdl  is  pewillsr 
fai  not  being  ohsmbered. 

(2.)  Tttrabranehiafe*,  hhvinp; /our  pills,  as  the  name  iniplios;  as  in  the  Nautilas 
and  the  chambered  Bhells  of  ancient  time.  The  Orihocera«  (fig«>  257,  313|  314) 
WM  »  Straight  form  with  plane  wpta  or  partWons :  tihs  bshm  is  Ikoai  Um  0te«k 
for  Hrai^  kom.  The  Jfamtilut  is  a  eoflsd  form  with  plans  psititioai,  and  the 
siphuncle  eeutral  or  auhventrnl.  The  Ammonite  group  (figs.  700,  701,  765.  7S(J) 
contain?  coiled  straipht  forms<  with  the  psrtitiona  plaited  or  sigtsg  (fig.  766  h) 
at  the  margin,  and  a  doraal  aipbunclc. 

2.  CeplMUitea.— The  GephaUtea  are  divided  into  two  groups : — 
(1.)  The  Qagteropods,  the  group  containing  the  Univalve  sliells,  as 
well  as  some  related  species  without  shells, — the  animals  of  which 
crawl  on  a  flat  spreading  fleshy  j)iece  called  i\\o  foot  (fig.  irifi) ;  and 
hence  the  name,  from  tlie  Greek,  implying  that  they  use  the  venter 
or  under  surface  for  a  foot. 

(2.)  The  Pteroimh,  which  swim  by  means  of  wing-like  appendages 
to  the  head  (fig.  167),~to  which  the  name  refers,  meaning  wmg- 

Ths  Qssteropods,  which  embrace  nearly  all  the  oephalate  Mollasks,lisTe  vsiisUy 
a  spiial  shell,  as  in  the  eommon  Snail,  BoeehuuB,  ruho,  sis.    Tlie  maafls 

of  the  nnimal  in  Komctimcs  prolonged  into  a  tube  or  siphon  In  ftront,  to  eonTS|y 

water  to  the  (jilln  ;  and  in  thif  cn)>("  the  sholl  ha?*  n  nmnl  nt  the  beak  for  the  pass- 
age uf  the  siphon.    The  mudvru  marine  univalves  withuut  a  beak,  the  Viatica 
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groip  «xe«p4««l,  an  hetUroimu,  wUl*  ttiOM  luaimg  »  beak  an  m  gtMnlly 

3.  Aoughmkt,  or  BeadloM  MoUvakB.— There  is  but  one  group. 

Chtiehifen  or  ordinary  Bioalirs,  nlao  called  Lamellibranehiaies.^ 
These  common  speoics  arc  well  known  as  Uvafves.  Between  the 
mantle  or  pallium  and  th<'  IxmIv  of  tli**  animal  lio  tlio  lamellar 
branchim,  or  gills,  as  is  obvious  in  an  nvst«'r  ;  and  ht  iu  r  the  name 
Ijeanfllihntnchiatfs.  In  a  shell  like  tij;.  I  OH.  the  mouth  of  the  animal 
faces  almost  always  (except  in  8omeHpecie»  of  Nucula  and  Soleimfo) 
the  margm  a,  tut  tiie  side  of  the  Morfer  elope ;  and  a  is  therefore  the 
ONtsrior  side,  h  the  pooUrkr;  and,  pUoing  the  animal  with  the  short 
dope  in  front,  one  valre  is  the  rigfUf  and  the  other  the  IrfU  The 
hinge  ia  at  the  baok  of  the  Mollusk. 

(hi  llie  loww  m»rf^  of  the  animal,  towards  the  front  part,  there  is  in  the 
nam  and  niiiny  nthrr  pppfics  n  toiic^h  portion  whir}i  in  called  i\\c  foot :  it  is 
a8«d,  when  largo,  for  locomotion,  vls  in  the  frceh-wiitcr  Clam;  when  small,  it 
Mmetimes  girea  ori|^n  to  the  byssus  bj  which  sbella  lUco  the  Mussel  are 
•tteehiii.    It  is  wanting,  or  neariy  eo,  in  the  Oyster. 

The  mantle  is  somctimca  free  at  the  lower  raurgin,  as  in  the  Oyster :  some- 
tlBies  the  edges  of  the  two  sides  are  united,  making  a  cavity  about  the  body 
Ofea  at  the  ooda;  in  other  cases  this  cavity  is  prolonged  into  u  tube  or  siphon, 
or  isfo  two  tubes  projecting  behind,  one  reoeiTing  water  for  the  gills  and  the 
ether  giring  the  water  exit.  The  shell  is  closed  by  one  muscle  in  the  Oyster* 
eteifby  two  in  the  Clam,  etc.  The  species  with  two  muHcles  nre  called  Dimya- 
net, — from  the  6r«ek  for  two  mu*cU$  /  and  those  with  one,  Monomgariet, — from 
the  Greek  for  one  mvtcle. 

These  dtflTerent  peenllarities  of  the  animal  are  partly  marked  on  the  shdL  In 
fifs.  163,  164,  the  two  mnsoular  impressions  are  seen  at  1  and  2;  the  impression 
of  the  martrin  of  the  mantle  (patlial  impreun'on,  ap  it  is  cullr*!)  at  p  p:  and  in 
fig.  164  the  siphon  is  indicated  by  a  deep  ainus  in  the  pallial  imprecision  at  «. 
hi  16$,  the  shell  of  an  oyster,  there  is  only  one  musenlar  impreasion.  It  is 
ohserred  also  that  in  flg.  163  abont  oae>t1ilrd  of  the  animal  would  be  anterior 
to  a  vertical  line  (m)  let  fall  from  the  hinge ;  whereas  in  the  Ojfattr,  Avieula, 
Mytilni,  and  related  species,  the  aniinnl  is^  almost  whully  pontrn'm-  to  this  lino: 
in  other  words,  the  Oyster  is  all  venter,  while  the  Clam  ia  u  higher  typo  in  the 
erder  of  Acephals. 

The  remaining  MoUusks  are  of  a  distinct  type,  namely: — 
The  Aktboid  HoUnaks,  many  having  stems  like  flowers. 

1.  Aoetdimu,  or  TVniealet.— These  MoUusks  are  encloeed  in  a 
leathery  skin  in>i>  id  of  a  shell.  They  do  not  occur  fossil. 

2.  Bryozoanx. — The  Bryozoans,  or  mnxa-animafs  (so  nam.ed  from  the 
moss-like  corals  they  often  form),  look  lik<'  polyps,  as  rejin'^fntod 
in  Hits.  M^l,  1»>2  a.  1('»2  is  mafinifu'd  ahout  ei-rht  times.  Th^  «  orals 
('on>ist  of  minute  cells,  either  in  branched,  reticulated,  or  incru.st- 
ing  ionns,  and  are  common  in  the  Silurian  as  well  as  later  rocks 
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■ad  in  existing  MM.  Fig.  16fiarepBesentBtlieMiimAl,  showing  ite 
stomaoh  at »,  and  the  llMcare  in  the  elimentaiy  oenel,  with  its  ter- 
mination alongude  of  the  month.  JSieAara,  Fbutn,  JBdqMtra,  are 

names  of  some  of  the  genera. 

3.  Brachiopods.— The  Brachiopods  (figs.  160,  IGl,  and  21G  to 
227)  have  a  bivalve  hhell,  and  in  this  respect  are  like  ordinary 
bivalves.  But  tlie  mouth  of  the  animal  faces  (he  middh'  of  (he  kncrr 
margin  (a) ;  and  the  shell,  instead  of  covering  the  right  and  left 
sides,  oorers  the  donal  and  ventral  sides,  or  its  plane  is  at  right 
angles  to  that  of  a  olam.  Moreor«r,  the  shell  of  a  Braohlopod  it 
t^fnmdneidmfofm,aind€qualai^  Thevidvea, 
moreover,  arc  atmost  always  unequal;  (he  larger  is  the  ven(raf,  and  the 
other  the  dorsal.  There  is  often  an  aperture  at  tlie  beak  (near  6, 
fig.  ICO)  which  gives  exit  to  a  pedicel  by  means  of  which  the  animal 
fixes  itself  to  some  support.  In  fig.  101,  representing  a  species  of 
the  genus  Lingula,  the  fleshy  support  is  a  long  one,  and  the  shell 
stands  like  a  plant,  with  the  opening  upward. 

These  Brachiopods  are  also  peculiar  in  other  points  of  straoture. 
They  have  a  paUkan,  hut  no  independent  branchial  leaflets.  Thej 
have  a  pair  of  coiled  and  fringed  arms,  which  they  sometimes  ez- 
trude  (fig.  216), — whence  the  name  Brachiopod,  meaning  arm-tike 
foo(.  For  the  support  of  these  arms  there  are  often  bony  processes 
in  the  interior  of  tlie  shell,  of  diverse  forma  in  different  genera 
(figs.  20b,  212,  and  215). 

nr.  Basiatbs. 

The  sub-kingdom  of  Radiates  contains  tkm  classes 

1.  EcniKODERMs. — Having  the  exterior  more  or  less  calcareous, 
and  often  furnished  with  spines  and  distinct  nervous  and  respira- 
tory systems  and  intestine,  lus  the  Echinus  (fig.  153),  S(ar-Jish  (fig. 
154),  Crinoid  (fig.  155).  The  name  is  from  ecAtnu«,a  hid(fehogt'ui  allu- 
sion to  the  spines. 

2.  AoALBPBS. — ^Having  the  body  usually  nearly  transparent  or 
tfanslucenii  looking  jelly-like.  Internally  a  stomaoh-cavity,  with 
radiating  branches ;  also  a  circular  nenrous  cord.  Ek,,  the  Me- 
dusa, or  Jelly-fish  (fig.  150).  They  generally  float  free,  with  the 
mouth  downward. 

8.  Polyps. — Fleshy  animals,  like  a  flower  in  form,  having  above, 
as  seen  in  figs.  147,  14H,  a  disk  witli  a  month  at  centre  and  a  margin 
of  tentacles;  internally,  a  radiated  arrangement  of  fleshy  j)lates  ; 
and  living  for  the  most  part  attached  by  the  base  to  some  support. 
Ex^  the  AeHma,  or  jfiSw-iiiiaiioiie,  and  the  Coral  ammab. 
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AD  theie  eliwiM  oommeiioe  in  the  Lovrar  Sihuiaii;  and  some  of 
their  •abdiTuuoos  ave  therefofe  here  meiitioiiMU 
L  Bohlaodmu. — The  lubdmiioiw  of  Eohinodennt  are  aa 

follow : — 

1.  nolo(hurioi(ii. — HftviriL'  tlio  cxt<^rior  soft,  nnd  throughout  ex- 
tensile or  contractile,  and  the  Ixxly  stout,  subvcrmitVirin  in  .shape. 
The  group  is  not  known  among  fossils.  It  includes  the  BicKe  dc 
mar,  or  &a-xlug. 

2.  Eehinoida. — Having  a  thin  and  firm  hollow  shell,  covered  ex- 
ternally with  spines  (fig.  153) ;  form,  flattened  apheroidal  to  disk- 
ibape;  the  mouth  below,  at,  or  near  the  oentre,  aa  the  Echinna, 
fig.  153. 

3.  AsUrimdi. — Having  the  exterior  stiffened  with  calcareous 
pieces,  hut  still  flexible;  form,  stur-Hhaped  and  polygonal;  mouth 
below,  at  centre;  animal  £ree,  except  in  the  young  state.  £r.,  the 
Star-fish,  fig.  154. 

4.  Crtnou/s. — Crinoids  arc  related  to  the  Astnioids  and  Echi- 
noids,  but  have,  with  few  exceptions,  a  permanent  stem  or 
pcdioel,  as  figs.  155, 156, 158.  They  are  thus  like  the  young  Aate- 
rioida.  The  stem  is  attached  to  the  back,  and  they  stand  with 
the  month  upward.  Fig.  155  represents  the  Crinoid  closed,  like 
a  doaed  hud;  when  opened,  it  would  appear  like  an  opened 
flower,  and  eaeh  ray  would  be  seen  to  be  delicately  fringed,  aa 
in  fig.  158. 

A.  Er/iinoid^. — Fig.  153  represents  an  echinus  partly  unrovered 
of  it,s  spines,  showing  the  shell  beneath,  and  157  anotln  r.  wholly 
uncovered.  The  shell  consists  of  polygonal  pieces  in  twt  nty  ver- 
tical aarlea  amnged  in  ten  pairs.  Fhe  of  these  ten  pairs  are  per- 
fsrated  with  minute  holes,  and  are  called  the  ambulaerttl  aeriea  (a 
in  flig.  153  represents  one  pair) ;  and  the  other  five  alternating  with 
these  are  called  the  wler-^m^Iacral  (h).  The  inter-ambulacral 
areas  have  the  surface  covered  with  tubercles,  and  the  tuberdea 
bear  the  spines,  whirli  are  all  movable  by  means  of  mn!«rlo^.  The 
anibulacral  have  few  smaller  tubercles  and  spines,  or  none;  but 
over  eaeh  j>ore  (or  rather  eaeh  pair  of  pores)  the  animal  extends 
out  a  slender  fleshy  tentacle  or  feeler,  which  has  sometimes  a 
aocker-like  termination  and  ia  used  for  clinging  or  for  loco- 
motion. The  amhnlacral  areaa  are  thus  distinguished  from  the 
others  by  being  generally  much  narrower,  by  having  smaller 
apinea  or  none,  and  by  having  a  multitude  of  these  tentacles 
or  feelers, — the  use  of  which  is  partly  for  aiding  the  animal  in 
its  motions,  partly  for  seizing  food,  aiul  partly  to  supply  vesicles 
in  the  interior  with  water  for  the  purposes  of  respiration.  In 
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fig.  157  the  intdMunbulacrul  areas  are  broad  and  the  plates  large, 
but  the  ambnlacral  and  the  plates  indistinct. 

Tho  moiirA-u])tiuiug  is  situati-il  below  at  tho  centre  of  radiation  of  the  plates. 
The  aual  opening  in  the  Jitynlar  Echiuuids  (fig.  153)  is  at  tho  opposite  or 
dorsftt  evntre  of  radiation.  Arovnd  the  uel  opening  there  are  live  minute  ova- 

rinn  oju'ninjtcf. 

In  the  /;/v(//(/«r  Efhiiiniils— <»onstitiitinfr  n  Inrpc  prnuji — tlu>  nnnl  opcninfr  19 
to  one  side  of  this  dorsal  centre  of  radiation,  and  often  on  the  ventral  or  under 
surface  uf  the  animal.  In  fig.  157,  for  example,  the  anal  opening  is  uiurgiuul 
instead  of  oentral>  wliile  the  ovarian  pores  are  at  the  dorsal  eontre,  as  in  thn 

MtguUtr  Kchinoids. 

To  one  side  of  the  dorgnl  centre  (to  the  right  of  the  front  side),  in  the  Kcfni- 
lar  Echinoids,  there  is  a  soiall  porous  prominence  on  tho  shell,  often  called  the 
tsailrBporte  body,  from  a  degree  of  resemblanee  in  itmetnTe  to  eoraL  In  the 
trreguktr  Behiaolds  this  madreporie  body  ii  t'n  the  centre  of  dorsal  radiation. 

Tho  ambulocral  areas  are  sometimes  perforated  through  their  whole  length. 
But  in  other  cn-ie;'  only  a  dorsal  jiortion  i>  i  crforated.  as*  in  fig.  l.'>7,  and,  as  this 
portion  ha.s  in  ihia  cano  some  resemblancu  lu  the  petals  of  a  flower,  the  auibu- 
Issra  are  then  said  to  be  petaUnd.  A  large  part  of  the  Eehinoids  liave  a  oirde  of 
Ave  strong,  caleareou.x  jaw^  in  the  mouth ;  in  saotiier  portion  there  are  MO  jaws. 

The  Ecliinoid?!  have  been  divided  int»^ 

I.  Jie»jnlar  EchimndH. 

1.  Cidarta  Family. — Having  the  inter-ambulacral  spaces  consisting  of  two 
ssilssr^the  general  fhot  in  Eohinoidi,  as  above  itated. 

%  Thb  Arekmoddart*  Family,  having  the  iater-auibulacral  spaces  consisting 
of  more  than  two  series  of  plates    a  paenliarity  oonflneU  to  the  Palmosoia 

Eehinoids. 
IL  IrregHlar  Eekinoid§, 

1.  OaUritet  Family, — Month-opening  eentral,  Atmlslied  with  Jaws ;  ambnla- 

oral  area  perforate  throughout.    (Found  only  fossil.) 

2.  n>ff>'  rtHer  Family, — Like  the  preceding,  bat  ambolacra  petaloid.  (Fossil 

and  recent.) 

S.  MImomhs  JVMtiljr.^Lifce  the  Oaleriles  ftnily,  bat  no  Jaws.  (Beeent) 
4  OHeiVlMlw  iVMMljr>—Idke  tho  dypeaslar  ihmily,  bnt  no  Jaws.  (FossO 

and  recent.) 

5.  SjKtt(uiiju»  Famxiff. — Mouth-opening  not  central,  and  having  a  I'ilaliial 
form  instead  of  round  or  uteliatc;  ambulacra  pot&loid;  no  jaws.  (I'us:iil  and 
noent.) 

0.  Dynnter  Family. — Ambnlseral  areas  not  radiating  from  a  common  area  on 
the  bark,  bnt  two  dorsally  distant  from  the  Others.  Whether  there  were  Jaws  or 
not  is  undetermined.  (Fossil.) 

B.  AtterioUU.'^The  Asterioida  (Star-fishes)  have  the  month  below; 
and  there  are  ambulacral  pores  and  sackeivfeelers  along  the  middle 
of  the  under  surface  of  the  rays.   The  groups  are,~ 

1.  AsteriM  Familtf  (AaUnda).-^B»!SB  broad ;  visoera  exteoidiiig  into 
the  rays. 
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SL  OpMura  Family  (Ophiurida). — Rayn  slender  and  very  flexible; 
▼noera  oonfiiied  to  the  oentnl  diak  of  tiie  Stsr-fiflh,  as  in  OphiMra. 

3.  OmtatUa  Famify  {OmatuRdit), — ^Bays  murrow,  often  much  aub- 
divided;  a  small  supplementaiy  series  of  arms  on  the  back  for 
dinging ;  and  the  animal  usually  attached  by  these  doriial  arms 
so  as  to  have  tlie  mouth  upward,  unlike  other  Asterioids,  as  in  the 
genuj>  Vomatula. 

C.  Crinoids. — ^Thoro  are  two  triho** :  — 

1.  The  Orinidea  or  Encrinile*. — Iluving  a  regular  radiate  structure, 
uid  the  arms  proceeding  from  the  margin  of  the  disk,  as  in  figs. 
155  and  158. 

2L  Cya&dea  (from  the  Greek  for  a  Nadder),  fig.  156.  Badiate 
arrangement  of  the  plates  not  distinct.  Armn  when  present  pro- 
ceeding from  the  centre  of  the  summit  instead  of  the  margin  of  a 
disk;  in  some  only  two  arms;  often  wantinc,  and  replaciMl  l>y 
radiating  ambulacra!  channels,  which  are  sometimes  fringed  with 
pinnules. 

The  Crinids  closely  resemble  a  Conmtula;  only  they  have  a  stem, 
instead  of  the  short  arms,  for  attachment.  The  stem  consists  of  calca- 
reous disks  like  button-moulds  in  form,  set  in  a  pile  together,  and 
benee  in  the  living  animal  it  has  some  flexibility.  Fig.  158  repre- 
sents  a  mo<lem  Crinid  {Paitacrinus  Caput-Medus<e)  from  the  West 
Indies.  The  mouth  is  ut  the.  rentre  Itetweeti  the  nrnis.  Fit:,  l.'ifia 
r<»presentM  the  form  of  one  of  the  disks  of  the  stem  in  an  «»xtiuct 
Crinid.  The  disks  in  Palaeozoic  species  are  generally  round  or 
oval;  and  they  were  the  same  also  in  many  later  Hpecie^.  Penta- 
gons! disks  oommenoe  in  the  Lower  Silurian,  and  are  most  common 
in  the  Mesoioie  fonnations.  The  pentagonal  forms  represented 
in  fig.  158,  a,  6,  pertain  to  the  Pentacrinus  fkmily,  the  only 
fiunUy  of  Crinids  now  known  to  exist. 

In  ancient  Criiiids  or  Kncrinites,  the  arms  are  not  free  down  to 
the  pedicel,  but  there  is  a  union  of  their  lower  part,  either  directly 
or  by  means  of  intermediate  plates,  into  a  cu|H<haped  Ihuhf  or  rt/Zyj; 
(as  in  fig.  loo,  and  also  figs.  527,  32^,  under  the  Carboniferous  age). 

hi  Ig.  IM,  ills  plaits  of  one  «f  thsM  raps  ia  ths  spssles  AeHtumrinm  tattgi' 

rmtru  II.  aro  spread  out,  tho  bottom  platea  of  the  cup  being  ut  the  ccntro. 
TIm  platen,  it  ii*  scon,  aro  in  five  radiating;  fcriei',  corresponding  to  tho  five  rays 
or  ttma  of  tho  Crinid,  and  bctwuvn  arc  interuiodiate  pieces.  The  three  plates 
atsilMnd  I  are  «sll«d  t1i«  hatal,  as  the  stem  is  artimilatod  to  ths  pi«ee  eompossd 
of  them;  3,  3,  3  are  tho  radial;  A,  4,  gupra-radial ;  5,  ftracAio/,  situated  stths 
btie  of  thy  HTinn  ;  7  arc  intermediate  plate?,  calU'<l  uiii  r  r<i'fi'if ;  8,  another  Inter- 
aediate,  the  tHter-aupraradial,  Sometimes,  in  uthor  Criuids,  there  in  another 
•triM  of  platos,  at  the  janetioa  of  the  platea  1  and  3,  called  ntb-radiaU.  Finally, 
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th«  matX  optBlBf  of  »CriBid  ia  tttiutod  m  om  ddaof  the  body,  11  b«ing  Utml, 
u  in  the  Echinoid  in  flf.  157;  and  tin  iatonBtdiato  groop  of  plates  nombend 

10  are  culloii  tlie  anal. 

Nearly  all  the  Paltcozoic  Crinoids  have  the  anal  and  oral  apertures  toget]i«iv 
thoio  baing  but »  single  opening  in  tbe  nuamit  (C^fAoerunw  is  said  to  bo 
onopttott).    This  oponing  is  sab^MBtfal  (llg.  AS4)  or  lateral  (Ig.  A26)»  and 

in  the  former  oasss  is  often  (as  in  many  upecies  of  Actinocrinus)  situated  at  the 
ramniit  of  a  fllendor  proboHci.''  mndc  up  of  smnll  pieced  and  sometimes  three  or 
four  times  as  long  as  the  body,  in  sumo  species  of  Poteriocrintu  {P.  Mia- 
•san'sMw  Shnmafd  ->  P,  lamgfdaet^uaf  Shimd.  Mo.  BopL,  p.  188)  tbo  pto- 
boseis  is  very  large^  lieing  ncnrly  as  wido  as  the  body  and  four  or  five  times 
as  long.  It  i.«  composed  ot  n  u'lilar  ranpos  of  hoxntronal  |'lntf<,  with  a  pcrics 
of  pores  between  every  alternate  range,  much  like  the  ambulacral  pores  in  the 
true  Eekinoidt, 

In  tb«  Cystids  tha  apartsra  is  ganarally  lataral  and  remota  fVon  tbo  top»  as 

in  fig.  156.  while  the  arms  come  out  often  from  the  very  centre. 

The  ry«tid«  arn  also  peculiar  in  what  arc  culled  pertinated  rhomhn  (jico  fig. 
166);  that  is,  rhombic  areas  crossed  by  five  bars  and  openings:  the  use  of  them 
is  naoartaia^F— though  they  are  probably  eoaaaetad  with  aa  aqnifbrooo  syatont 
and  raspiiaUoa.   The  Cyttids  ara  the  most  anomalous  of  Radiates. 

Ainnn;;  thf  rriiii'lcn  fluTf  are — fir^t.  flic  spcfif;  with  arms  and  rounded  ?trm)«, 
which  arc  of  .foM-ral  genera  and  familicsi.  Second,  the  PcntaertHua  group,  which 
also  have  long  arms,  bat  the  stems  are  five-sided.  Third,  the  BUutoid*,  wlUoh 
baTo  ronad  sCams,  Irat  tba  body  is  pentagoaal  aad  flowor-Iiko  or  pataloid  ia  Ha 
divisions,  and  tbe  division^)  arc  furnir'hod  with  pinnules:  the /Vtifremtfes. 
An  tbcy  ore  usually  foiiti'l  ( losc-d  up,  they  bava  a  lasamblaaoa  to  aflowar-lNid; 
and  hence  the  name,  from  the  Greek. 

2.  Aoalaphs. — ^Besidra  the  jelly-like  Aoalephs,  wMoh  have  veiy 
rarely  left  any  traoet  in  the  strata,  there  are  delicate  coral-making 

species  of  the  llydroid  group.  Fig.  151  represents  a  Ili/dra^ 
much  enlarged;  l^>'2,  a  related  animal  of  the  Tuhularia  family 
(genus  Si/nron/na).  OtluT  spocies,  Imving  animals  Viko  151,  an  in 
tin*  ^rcncra  Campanularta  uiid  tSirt'tfaria,  form  very  delicate  mem- 
branous coralla,  which  under  the  microscope  consist  of  .series 
of  minute  cells ;  and  the  fossils  called  GraptoUiet  have  been  com- 
pared to  them.  The  hard,  stony  corals  called  JURlUporu  have 
been  shown  by  Agassis  to  have  animals  like  fig.  152,  and  there- 
fore to  beloflg  to  the  class  of  Acalephs.  .  The  genera  of  fossil 
corals  CfuBtetes  and  Favositcs,  having  the  colls  <livided  by  horizontal 
partitions,  nnd  being  in  this  respect  like  MilleiMres,  he  ^fers  to 
the  same  group. 

There  are,  hence,  not  only  stony  corals  nuulo  by  Polyps,  as  in  the 
common  kinds,  but  there  are  alHo  large  Htony  corals  made  by  Aca> 
lephs,  besides  delicate  kinds  which  were  made  either  by  Hydroid 
Acalephs  or  Bryoioan  MoUusks. 
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3.  Polyps. — There  are  two  prc^ipj*  of  Polyps : — 

1.  .4cTiNoin  Poi,vi'55,  illustrated  in  ti^s.  147,  14S,  and  all  ordinary 
corab.  The  rays  of  the  polyps  are  of  variable  number,  and  naked 
(not  fringed}. 

The  oond  is  eeoreted  within  the  polyps,  as  other  animals  secrete 
AeirboiieB.  ItittniernaltandwUexienuii,  It  is  tumally  ooTered  with 
ladbte  cells,  each  of  which  corresponds  to  a  separate  polyp  in  the 

group.   The  rays  of  a  cell  correspond  to  fleshy  partitions  in  the 

interior  of  the  polyp,  and  the  cavity  of  a  cell  is  the  space  occupied 
hy  the  stomach  and  visceral  cavity:  it  is  not,  therefore,  a  cavity 
into  which  the  p<^lyp  retreats;  it  is  tho  insich' of  th<*  I">lyp  its«^lf. 
The  material  is  carhonatc  of  linu'  (linieston**) ;  and  it  is  taken 
by  the  polyp  from  the  water  in  which  it  lives,  or  from  the  food 
it  sets. 

2.  Alctonoid  Polyps,  illustrated  in  fig.  149,  and  the  Gorgonia 
md  Alcyoninm  corab.  The  rays  of  the  polype  are  ^ht  in  number, 
and  fringed.  The  figure  represents  a  part  of  a  Ijranch  of  a  Gor- 
imiia  (Sea- Fan),  with  one  of  tlic  polyps  expanded.   The  branch 

eODSlBtsof  a  black  horny  axis  and  a  fragilo  crust.  The  crust  is  partly 
esleareous.  an<l  ronsists  of  tlif*  tinited  polyps;  tlie  axis  of  horn  is 
secreted  by  tho  inner  surface  of  tlie  crust.  'I'lie  Precious  Coral  used 
in  jewelry  comes  from  the  shores  of  Sicily  and  Southern  Italy,  and 
Moogs  to  tiiis  Ali^onoid  division.  It  is  related  to  the  Gorgon  iai$, 
but  the  axis  is  red  and  stony  (calcareous)  instead  of  being  horoy, 
and  this  stony  axis  is  the  coral  so  highly  esteemed. 

Among  the  Actinoid  Polyps  there  are  the  following  groups,— ex- 
ctosiTe  of  those  that  do  not  secrete  coral : — 

1.  n«  Aetimia  tribe. — The  number  of  rajD  a  multiple  uf  •ijr.  It  inoladM  lha 
Aitma  fsmay,  Oealina  ftmilj,  Fnngia  fiuaily,  CMjophylUa  fiuaily,  Hadie* 

pora  ramily.  Porif'  >  family. 

2.  T*'  fyithophi/Hiiin  tribe. — The  nutiibpr  of  rayn  a  multiple  of  /»ur.  It 
•ontaiDA  only  Pal«eocoic  cural^,  replacing  in  that  era  the  Astrceuid  corals  of  later 
mt,  Ths  anlaaab  wen  probably  lik«  the  A«tiaia  in  ig.  14T. 

V.  Protozoans. 

The  groups  of  Protozoans  of  special  interest  to  the  geologist  are 

two : — 

1.  Rhlzopods,  or  Foramiuifers. — Species  mostly  microscopic, 
fetming  calcareous  shells.  These  shells,  with  few  exceptions, 
sre  Tery  minute,— inany  times  smaller  than  the  head  of  a  pin; 
snd  yet  they  have  contributed  largely  to  the  formation  of  lime* 
stone  sivata.   Th^  consist  of  one  or  more  oells;  and  the  com- 
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poond  Idnda  pment  ▼arious  ftnoiftil  ahapes,  at  iDnstmtod  in  the 
■iinexed  ont.  t 
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rigv.  ISO  to  m^RaaOfOM,  miicb  •nlargcd  (excepting  192,  193>.  Fig.  180.  OrtmUM 
iiiiiviT-ui;  181,  Globtgcrinu  rubra;  182,  Tcxtilaria  globulooa  0r. ;  183,  RoUlin  globulom; 
183  o,  8iido-Ti«w  of  RotaU*  Boqcmm;  181,  OrammcMtomiuii  pbjUoden  Ehr. ;  185,  a,  Froo- 
dMinte  BnoDlarli;  188,VrfloeallM  lOMphinA;  187,  NedOMrlft  TulgorU;  188,  Litwl* 
muitilolilrs ;  189,  a,  Flabellina  nigo«n;  190,  ChrymUdJoft  gradate;  191,  a,  Cuncolina  patn>> 
nia;  192,  MnmjntilitM  PBioinulTtoi  18S  a,  ForaUna  tgrlindikf.  All  but  Um  teat  two 
magnified  10  to  90  tfmei. 

Fig.  180  \t>  a  onc-cellcd  species ;  the  others  nre  compound,  and  contain  a  num- 
ber of  exceedingly  minute  oella.  A  few  are  comparatirely  large  spooies,  and 
hftTO  the  thi^of  ft  disk  or  oolii,  m  flg;  182, »  JVtiiMiiiljfo,  aatertl  riMj  Ik*  ifm 
•hows  the  intorior  odl*  of  one-half  i  theao  cells  form  a  coil  about  the  centre. 
Orbitotdea  i»  the  name  of  another  ponu."  of  coin-like  speoics.  Fi<?.  193  n  is  a 
gpeoies  of  FutuUnaf  a  kind  nearly  m  largo  as  »  grain  of  wheat,  related  to  the 
IfaBimwWtawi  m  hiMm  txantrvm  Tfair  <rf  the  gme.  Tkbieoneof  llMMWBlmt 
fbrmf  of  Khitopode,  oeenning  in  the  roeka  of  the  Coal  form*Uon. 

D'Orbigny  divided  the  Rhi/opoda  into  (1)  the  one-celled  (called  Jfonontcfjft  hy 
D'Orhipny);  (2)  »hcll8  having  the  segments  in  direct  linear  scries,  figs.  1S5, 
187  (JStichoMtegm) ;  (3)  shells  spiral,  the  spiral  of  a  single  series,  figs.  181,  182, 
189,  184,  188, 189,  180,  18S.  188  iH«li€otUgm)i  (4)  OuHOa  tpinl,  oonatfttef  of 
alternating  aegmenta^  genns  Rohcrtina,  9ito.{EntomoBtegK) :  (5)  shells  conaiating 
of  alternating  segments  not  spirally  arranged,  fig.  101  [  Fn<illo»icf//F) ;  (fi)  seg- 
ments clustered,  without  linear  or  apiral  order,  about  an  axis,  fig.  186  {Agatko- 
^egm).   (See  Appendix  A.) 

The  cells  of  Rhizopods  arc  each  occupied  by  a  separate  animal  or 
zooid,  though  each  is  organically  connected  with  the  others  of  the 
same  group  or  shell.  The  animal  is  of  the  simplest  possible  kind, 
liATUig  no  mouth  or  stomach  ot  membofs.  It  projects  at  will 
fliendar  pfooesses  of  its  own  substance  through  pores  in  the  shelL 

The  altore  are  ihell-making  apeoiee  of  Rhixopods.  The  name  Jtkitopod*  oomes 
lk«oi  the  Oreak  for  toot-lika  Aaly— ia  aUoikni  to  tiio  rooiJiko  prooaiiai  th«j 
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throw  oat.  The  fihell-makin^  species  haTc  been  dietingnished  as  Foramini/rrt, 
from  the  pores  abuve  alluded  to.  Suiuo  of  the  species  not  secreting  shells  (lu  in 
th«  genu*  AiHaha)  hare  been  Mm  to  •zttmpoiiM  •  mouth  Md  •tomMh.  Wban 
a  particle  'if  fuod  touehcH  the  surface^  the  part  begini  to  bo  depressed,  and 
finally  tho  >-i.l(>.H  of  the  deproHHion  close  over  the  particle,  and  thii^i  nioiith  and 
stomach  are  made  when  needed ;  after  digestion  ia  complete,  the  refuse  portion 
ii  allowed  to  escape. 

Tho  ihella  of  mom  BUsopodo  do  sot  ooiulit  of  diofeiaet  eeHi  t  the  aggregate 
Urinji!;  ma^s  oeerete  oailMnieto  of  lime,  without  retaining  the  distinction  of  the 
f  Kiids.    This  is  tho  oaM^  aa  Ohipenter  hao  obwnred,  ia  tho  Nammnlito-like 

genu^  Oriit't/ifrt. 

2.  Spongea.  —  Spnnf?o.s  are  regarded  as  compound  animals, 
consisting  of  an  aggn  izato  of  zooids  ichitt  d  to  thoso  of  the  For»- 
minifera;  and  tho  cylindrical  water-passages  within  them  have  been 
supposed  to  answer  as  stomach-cavities  for  the  Sponge.  The  material 
of  Ui6  Sponge  is  a  little  like  horn  in  its  nature ;  its  miorosoopio 
dursoters  shoir  tluit  it  is  not  Tegetable.  Besides  tiie  i^neral  tissue 
of  the  Sponge  there  «re  in  most  species  mionNKX^o  spicule 
through  the  tissues,  which  are  siliceous  (figs.  194^  a-A)»— some  of 


Fig.  194. 


giliceouR  Hpicnla  uf  Sponges. 

them  acicular,  others  with  divergent  rays.  They  are  in  great 
numbers  in  some  species;  and  even  the  fibres  of  the  Sponge  are 
Kiiiu'tinies  siliceoii";.  In  some  few  species  tlie  spicula  are  calcareous. 

There  are  other  siliceous  microscopic  organisms,  called  X>ialoms ; 
hut  these*  are  regarded  as  vegetaUe  in  nature^  and  are  mmtioned 
on  p.  167. 

2.  VEGETABLE  KINGDOM. 

The  vegetable  kingdom  is  not  divisible  into  sub-kingdoms  like 
the  animal ;  fat  the  species  all  belong  to  one  grand  type,  the  B»> 
dtate,  the  one  which  is  the  lowest  of  those  in  the  animal  kingdom. 

The  hi(^er  subdivisions  are  as  follow : — 

I.  CiTPTOOAMS. — Having  no  distinct  flowers  or  proper  fruit,  the 
so-called  seed  being  only  a  spore,  that  is.  a  simple  cellule  without 
the  store  of  nutriment  (albumen  and  starch)  around  it  which  makes 
up  a  true  seed  :  as  the  Ferns.  Sea-weed.    They  include — 

I.  Thallogens. — Consisting  wholly  of  cellular  tis.sue :  growing  in 
fronds  wltlioat  stems,  and  in  otfa«rqgfeading  forms ;  as  (1)  Alg»,  or 
8a»«seds;  (2)  IdehcM. 
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2.  AnofftnA. — Consisting  wholly  of  rellular  tissue;  growing  up  in 
short,  leafy  atems;  aa  (1)  Mui>ci,  or  Mosses;  (2)  Livonvoi  ts. 

Z,  i4<ttywi*^-"Oimi»ting  of  vascular  tissue  in  part,  and  growing 
upward;  as  (1)  Ferns;  (2)  Lycopodia  (Oround-Pinej ;  (3)  Equiscta; 
aad  including  many  genera  of  trees  of  the  Coal  period. 

II.  PBiSNOGAMS. — ^Having  {us  the  name  implies)  distinct  flowers 
and  se<Ml ;  :h  the  PineSi  Haple,  and  all  our  shade  and  fruit  trees, 
and  the  plants  of  our  gardens.    They  are  divided  into — 

1.  difmtwirpi'nns. — Having  the  flowers  exceedingly  ^imI»le.  and  the 
sctd  Hali-il, — the  soed  being  ordinarily  on  the  inner  surfaoo  of  the 
scales  of  cones;  growth  exogenous,  the  trees  having  a  bark  and 
rings  of  annual  growth  (fig.  1%) ;  as  the  Pine,  Spruce,  liemlock,  etc. 
The  name  gymnosperm  is  from  the  Greek  for  naked  tui. 

Figs.  195-204. 


pLAlfra. — Fig.  19.V  s.-^i  fi  .11  ..f  oxocrnoofi  woud;  IfN'.  fH>res«  of  ordlnmrr  coniferon*  wood 
(Piniu  StrtibiiH',  UiuKituiliital  m-cUop, nbowinK  dutii,  iiingniflod  30U  timet*;  lUT,  saiue  of  Um 
AnstnilUn  CuDifer,  Araootrta  Oanninffaaini ;  198,  section  of  endogmooa  steal. 

FIgK.  loo  to  2f>»,  Diatoms  hfghly  majrtufii  .1 :  VM).  I'innnlnHn  iK'n-Rriim,  Kichmond,  Va.;  300, 
NavlcuU  signm,lb.;  201,  Actiaoptycbtw  iK:n«rius,  ib.;  202,  UalUoneUa  sulcata,  ib.;  a, 
traturerM  McttgnortiM  «nm;  Snt««pMlwiif  BacUlartaift^ 
too,  OonB.;  9M,  BadDMto  pandoia,  W«i(  Foiat. 

The  wood  of  the  Conifeifs  is  simply  woody  fibre  without  ducts, 
and  in  this  respect*  as  well  as  in  the  flowers  and  seed,  this  tribe 
shows  its  inferiority  to  the  following  subdirision.  The  fibre,  mor^ 
oyer,  may  be  distinguished,  even  in  petrified  specimenH,  by  the  dots 
along  their  surface  as  seen  under  a  high  magnifier.  The  dots  look 
like  holes,  though  really  only  thinner  spaces.  Fig.  lOti  shows  tliese 
dots  in  tlio  Pinii-i  Sfrobus.  In  other  species  tliey  are  les8  orowdrd. 
In  one  division  of  the  Conifers,  railed  the  Ardxmrifr,  of  much  geo- 
logical interest,  these  dots  on  a  fibre  are  alternated  (fig.  107 j;  and 
the  Araucarian  Conifers  may  thus  be  distinguished. 

2.  AnffiMprmiM. — Having  regular  flowers  and  covered  eeed;  growth 
exogenous,  the  plants  having  a  bark  and  rings  of  annual  growth 
(flg.  196) ;  as  the  ICaple,  Elm,  Apple,  Bose,  and  most  of  the  oiduiaiy 
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nhnib^  and  trees.  These  Ebcogens  are  called  Angiospcrms,  because 
the  ;ieed:i  are  in  seed-vessels ;  and  also  Dieofyiedons,  because  the  seed 
hm  two  cotyledons  or  lobes. 

3.  Endoffens, — ^Regular  flowers  and  seed ;  growth  endogenous,  the 
pJanls  luiTing  no  bark,  and  showing  in  a  transverse  seotion  of  a 
trunk  the  ends  of  fibres,  and  no  rings  of  growth  (fig.  198) ;  as  the 
Palms,  fiattan,  Reed,  Grasses,  Indian  Corn.  Lily.  The  Endo^ens 
are  Monorotyh'dont ;  that  is,  the  seed  is  undivided,  or  consists  of  but 
one  cotyh'don. 

Only  the  .salt-water  npecies  of  plants — Algo),  or  Sea-weeds — are 
known  to  occur  in  the  Silui-ian.  Among  the  fossil  Alge  there  are 
two  prominent  kinds : — 

1.  F\teoid». — ^Related  to  the  tough,  leatiieiy  sea^weeds  of  seaFOoasts, 
which  are  called  /Wt,  and  which  grow  in  great  proftidon  in  some 
Keas,  attaining  a  length  at  times  of  several  rods. 

2.  Protop/tytes,  or  infusorial  .«pecies. — Mostly  unicellular  plants. 
The  Diatoms  aro  microscopic  spcci«'s  which  have  a  pilicooiis  shell; 
and  tlioy  grow  so  ubuiulantly  in  sonic  seas  tliat  they  arc  producing 
largo  tiiliceous  accnninlations.  A  few  of  these  siliceous  species  are 
figured  above,  in  hgs.  199  to  204.  The  Bacillaria  (figs.  203, 204)  con- 
list  of  rectangular  segments  that  olose  up  or  slide  on  one  another, 
as  the  figures  illustrate. 


n.  I^AL^OZOIC  TIME. 

I.  AGE  OF  MOLLUSKS,  OR  SILURIAN  AGE. 

The  term  ffilnrian  was  first  applied  to  the  rooks  of  the  Silurian 
age  by  Murchison,  and  is  derived  from  the  ancient  name  Silures, 

the  designation  of  a  tribe  inhabiting  a  portion  of  En^nd  and 
Wales  wlierc  the  rooks  abound.  The  rodcs  occur  on  all  the 
continents  and  over  much  of  their  surface,  constituting  strata  of 
sandstone,  shalo.  con^'lonierate,  and  limestone ;  and  the  most 
of  the  strata  abound  in  fossils,  as  shells,  corals,  and  other  allied 
forms. 

The  sttbdiTisions  of  the  Silurian  are  not  only  widely  different  on 
the  two  continents,  America  and  Europe,  but  also  on  different 
parts  of  Uie  same  continent.  In  American  geological  history  it  has 
been  found  most  convenient  to  recognize  that  subdivision  into 
periods  and  epochs  which  is  derived  firom  the  suooession  of  rooks 
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in  tlie  State  of  Now  York,  where  the  Htrata  are  well  displayed  and 

have  biM'n  carefully  studied. 

Some  standard  for  our  di^'isions  of  time  must  be  adopted;  and,  whatever  that 
ttmndard,  it  ia  afterwardfl  eaaj  to  compare  with  it,  and  bring  into  paralleliam, 
the  •oeoMilTtt  •tnta  or  «vMta  of  oHier  r«flttii«.  Th«  State  of  Now  Tork  lim  on 
the  northoafltcrn  burili  r  of  the  great  interior, — a  vast  region  stretching  sonth- 
wnr<l  iimi  west  ward  from  the  Appolarhiann,  to  the  Rocky  Mountains,  and 
beyond  the  bo»d-water«  of  the  Misaiiwippi  to  the  Arctic  Ocean,  over  which 
than  wwo  mmy  moiibob  diangea ;  and,  owing  apparently  to  tliis  dtaatim 
OB  tho  aorth  agidait  tho  Aioie,  aad  aaar  tho  h«Ml  of  the  ApfialMhiaa  laagi^ 
there  are  indicated  a  greater  number  of  ^uliordinato  BubdiviRiona  in  the  rocka, 
or  of  c|mchf<  in  time,  than  are  recognized  to  the  west.  It  if,  therefore,  a  more 
detailed  indicator  of  the  great  aerica  of  chaogca  and  epocba  in  the  Paltcusoic 
on,  and  heaoo  It  is  ctpMlBlly  well  tttad  to  bwomo  tho  bails  of  a  seak  or 
stanihird  for  tho  mihdim»te»  of  timo.  This  wQl  bo  i4»pMr«Bt  la  the  ooano  of  tho 
IbUowiag  pogoi. 

The  order  of  racoenion  in  the  Silurian  periods  and  rocks  is 
■liown  in  tho  sortion  on  page  131  (fig.  134).  The  nitmben  affixed 
to  the  subdivision!^  of  the  section  are  used  for  the  same  f<wmations 
throughout  the  work. 

Subdivisions  of  the  i^lurian, 
II.  UPPEB  SILURIAN. 

3.  LowBR  Hbldirbiiui  Pkkiod  (7). 

Lower  Helderberg  limestones,  including  in  New  Tork  (1) 

the  Water-lime  group  ;  (2)  the  Lower  Pentamenis  limestone ; 
(3)  the  Delthyris  shaly  limestone ;  (4)  the  Upper  Pentamema 
limestone. 

In  Great  Britain,  the  Ludlow  beda,  inclading  the  Lower  Ladlow  limestone, 
the  Aymeatry  limeatone,  Upper  Ludlow  linestoao.   Ia  Morwsj»  Upper  Mahatt 

limeatonea  and  achiata. 

2.  Sauna  Period.  (0.) 

Onondaga  Salt  group. 
1.  Niagara  Period  (5). 

4.  Niagara  Khh-h  (5  d) :  Niagara  shale  and  limestone. 

3.  Cli.nton  Epoch  (5  c):  Clinton  group. 

2.  MiDivA  ErocB  (56):  Medina  sandstone. 

1,  Onbida  Epoch  (5  a) :  Oneida  conglomerate. 

Id  Great  Britain  the  Wenlock  shale  Mid  Umeftooo  an  rsfemd  to  tho  NIagsra 
(5  d)  t  the  Upper  LlaadoTory,  to  tho  Oliatoa  (5  e) ;  ead  tho  Upper  Csrodoe  aand- 
■tone,  Coniston  gritn.  Lower  Llandorery.  to  the  Medina  and  Oneida  ep<ieh-»  (5  f> 
sad  6  a).  Marehisoa  dirides  the  Upper  from  the  Lower  Siloriao  of  Britain  at 
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the  bottom  of  the  Upper  Llandovery;  the  Upper  Llandovery  is  thiu  made 
Upper  Silnri&D,  and  the  lower.  Lower  Silurian. 

&i  Bdhcaia,  Barrude's  fbnnations  B  to  H  are  nfbmd  to  the  Upper  Siln» 
riao,  con8i.«ting  of  schiata,  part  Qraptolitio,  with  trvp»  In  Norway,  Bnoriiial 
lefaiatay  Cecal  and  Pentamenie  Umestonc^  Lower  Argillaoeou  aoluata. 

L  LOWEB  SlLUiUAN. 

3.  HvDflON  Period  (4). 

2.  Hudson  Epoch  :  Hudson  Kiver  shale  (46). 

1.  Utioa  Epoch  :  Utica  ahale  (4  a). 

Jn  Gnat  BritidB,  Lower  Oaradoe  Madatone^  and  upper  part  of  Lla&detto 

flags.  In  Bohemia,  part  of  Barrandc'it  furmation  D.  In  Swodeikf  Orthooefatitt 
Umettone  and  Enerinal  schiBta,  flagatone.  Angelia'a  Begiim  D. 

2.  Trento.v  Priod  (3). 

2.  Trenton  Epoch  (35):  Birdsoyo  limostono  (36^),  Black 
River  limostono  (3  A''),  Tronton  limestone  (3fr"'). 

1.  CiiAZY  Erocu  (3  a) :  Chazy  limestone. 

In  Great  Britain,  Bain  lime.«tnno  and  Llandcilo  flags.  In  Bohemia,  Bar- 
randc's  formation  D.  In  Sweden,  Angelin'a  C,  Orthoccratite  limestone.  In 
RoMia,  schiffta  and  Orthoceratite  limestone^  called  the  Ptetaj  Ungolite  grit  of 
deader  bcoeatb  the  Uneetone. 

1.  Potsdam,  or  Primordial  Period  (2). 

2.  CAUJinRous  Epoch  (2&):  Oaloiferoiia  aandrook  in  Neir 
York.  Sandstone  with  very  thick  shales  and  some  limestone 
forming  the  larger  part  of  the  "Quebec"  group  of  Canada  and 

the  Taconic  of  Emmons,  Magnesian  limestone  of  tlio  Missis* 
sippi  valley,  j^dfltones  and  Magnesian  limeatone  in  Eastern 

Tenness*'o. 

1.  Potsdam  Sandstone  (2a):  Potsdam  s;inilstono  in  New 
York,  and  sandstone  with  some  limestone  in  ilie  West.  Thick 
dates,  sandstone,  and  some  limestone  in  and  along  the  Oreen 
Mountains  and  the  AUeg^nies.  Chilhowee  sandstones,  Ten- 
nessee. 

In  Great  Brit^,IJBgnla  flags ;  hard  saadstoneewith  sohists  below  at  Stlper 

Stoaes  in  Shropshire;  Blaok  schists  at  Malvern;  Tremndoo  slates;  Skiddaw 
•Ute.  In  Bohemia.  Rsirrnn'lc'.w  Priinnr  linl  Zone,  C.  Tn  Norway  and  BwedaOy 
iagelin'i  A  and  B,  Fuooidal  sandstone  and  millstono,  Olenua  beds,  schists. 

Explanation  of  the  Oeological  Map. 

The  annexed  map  of  Xew  York  and  a  part  of  Canada  exhibits 
the  surface-rocks  of  the  region.    As  remarked  under  the  Azoio 
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(p.  137),  the  strata  of  the  Silurian  and  Devonian  outcrop  in  suc- 
cession on  going  from  the  Azoic  (No.  1)  southward.  Tlio  numbers 
on  the  areas  render  a  comparbon  with  the  section  and  with  the 
tebles  beyond  eaqr*  The  Rinnan  strata  are  lined  hofiumtaify;  the 
Devonian,  vtrtiealfy;  and  the  subcarboniferous  beds,  which  appear 
at  the  sonthem  margin  of  New  York  State  (No.  13)  are  croes*lined.^ 

n*  ana  2;  whieh  la  that  of  tbe  Potsdam  period.  Is  divided  Into  two  portions, 

one  dtttin<^ui!sbcd  as  'i  or  2  a,  un<l  the  other  an  b  or  2  b :  the  former  is  the  area 
of  the  rocks  of  the  PoImIuiu  epoch,  and  the  hitter  of  thf  CalciforuiiK  epoch,  which 
•poctii  are  elsewhere  in  tbe  work  distinguiahed  hy  the  same  numbering.  Other 
ansi  sre  simUarly  divided.  As  another  example,  tbe  area  5  (Niagara  period)  is 
ihridsd  into  at^9,d,  eonrespooding  to  6  «,  5  6,  5  r,  5  </  in  the  above  ti^le.  The 
•rea-«  of  Nos.  7  and  8  in  the  series  (the  Lower  Hclderbcrg  closing  the  Silurian, 
and  tbe  first  period  of  the  Devonian)  are  not  diatinguislied  on  tbe  map  from 
No.  9. 

Fig.  2tHj  i.s  an  ideal  section  of  the  rocks  of  New  York,  along  a 
tine  running  couUiwcstvcard  from  th«>  Azoic  on  thu  north  across  tlic 


Fig.  200. 


CHtbont-  Dcroni»i).  Bnnrfan. 


ttifel  to  Pennqrhrania.  It  shows  the  relative  positions  of  the  suo- 
a^rfre  strata, ^bringing  out  to  view  the  fact  that  the  areas  on  tlie 
t^Kp  we^  only  the  outrrf>|)s  of  the  successive  formations.  This  is  nil 
the  seetion  is  intended  t<>  teach  ;  for  the  uniformity  of  dip  and  its 
amount  arc  very  much  exaggerated,  and  the  relative  thickness  is 
disregarded. 

A.— LOWER  SILURIAN. 

'  1.  POTSDAM  OR  I'RIMOUDIAL  PERIOD  (2). 

^  fljpocbs. — 1.  The  Potsdam  epoch,  or  that  of  the  Potsdam  sand- 
stone (2  n  ).  2.  The  Calcifbrous  epoch,  or  tliat  of  the  Culcifcrous 
landrook  (2  b). 
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X.  Booki:  Idiida  and  dtatrttatton. 

1.  American. 

Tho  Potsdam  formation  (numbered  2  on  tlie  map,  p.  170)  ap- 
pears at  the  surface  just  south  of  and  adjoining  tlie  Azoic  areas  in 
New  York  and  th*'  West :  the  strata  here  expoiicd  are  the  outeroj)- 
ping  portions  of  a  formation  that  probably  underlies  all  the  fossili- 
ferottg  loeks  of  the  great  Mississippi  valley,  and  fltretoheB  aoiith 
beyond  Texas,  and  north,  either  side  of  the  Asoic  boob  of  the  con- 
tinent»  into  the  Arctic  regions.  These  Primordial  strata  have  been 
obsenred  and  studied  in  Texas,  about  the  Black  Hills  of  Dakota 
and  the  Laramie  Range  of  the  Rocky  Mountains,  and  north  in  British 
America.  They  are  also  surface-rocks  at  various  places  along  the 
Appalachian  chain  from  the  St.  Lawrence  through  western  Ver- 
mont to  Alabama  and  Tennessee.  East  of  this  chain,  they  occur 
near  Boston  at  Braintree,  in  Newfoundland,  and  in  Labrador. 
These  strata  have  hence  a  wide  continental  range,  a  universality 
of  distribution  unexoeeded  among  later  formationa. 

The  rook  of  the  Potsdam  epooh  is  mostly  a  laminated  sandstone 
in  New  York.  Along  the  northern  border  of  the  United  States*  and 
south,  over  the  Mississippi  basin,  there  is,  in  addition,  some  lime- 
stone ;  and  a  vast  thickness  of  slate  or  shale  exists  along  the  App^ 
lachians  from  the  St.  Lawrence  sotitlnvcstward. 

The  Calciferous  epoch,  as  the  name  implies,  was  characterized  to 
a  considerable  extent  by  limestone-making,  though  less  strikingly 
so  than  the  epochs  of  the  Trenton  period,  which  next  succeed. 
The  rook  is  a  hard  sandstone,  more  or  less  calcareous,  in  New  York ; 
a  magnesian  limestone,  with  some  sandstone,  in  the  Mississippi 
basin,  where  it  is  often  called  the  Loioer  Mt^fmukai  SmestoM;  sand* 
stone  with  very  thick  shales,  and  some  beds  of  limestone,  along  the 
course  of  the  Appalacliians.  north  and  south. 

The  thickne.«w  of  tlio  beds  of  the  Potsdam  period  in  New  York. 
Western  Canada,  and  the  Mississippi  basin,  varies  usually  from  iJO 
to  GOO  feet;  but  along  the  Appalachians  the  rocks  have  an  enor- 
mous development,  being  from  2000  to  7000  feet  thick. 

Tlie  rocks  of  the  Potsdam  jjcriod  in  many  places  overlie  horiion- 
tally  or  nearly  so  the  crystslline  Asoic,  as  illustrated  in  figs.  136^ 
137,  13^.  In  136  the  Potsdam  sandstone  (2  a)  and  Calciferous 
sandrock  {2  b)  rest  upon  the  folded  Asoio  of  Essoc  co.,  N.Y. ;  and 
in  138.  from  Canada,  there  is  the  same  condition,  witli  also  the 
Trenton  limestone  (3)  and  Uticu  sluilc  (4(f)  overlying  the  I'otsdam 
strata.  The  following  cut,  from  a  sketch  by  J.  D.  Whitney,  represents 
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the  juxtaposition  of  the  Potsdam  and  Azoic  near  Carp  River,  south 
of  Lake  Superior ;  the  former  rock  (on  the  ripht  in  the  view), 
slightly  inclined  sandstone  ;  the  latter  (on  the  left),  quart zite  in 

Fig.  207. 


a  nearly  vertical  position,  which  position  it  had  received  before 
the  deposition  of  the  sandstone. 

Through  New  York  and  the  greater  part  of  the  Mississippi  basin 
the  strata  have  usually  a  gentle  dip  or  are  nearly  horizontal.  Along 
the  Appalachian  chain,  east  of  Ljiko  Chaniplain  and  the  Hudson, 
in  the  region  of  New  England,  of  the  Alleghanies  in  Pennsylvania, 
and  of  the  Cumberland  Mountains  in  Tennessee,  they  are  up- 
turned at  all  angles  to  verticality. 

1.  Potsdam  epoch. — a.  Interior  Continental  latin. — Tho  Potsdam  sand- 
etoDe  in  New  York  varies  from  a  hard  quartzite,  aa  at  Keesevillc,  N.Y.,  and 
Adams,  Mass.,  to  a  friable  sandstono.  Much  of  it  is  a  good  building-stone, 
%e  at  Potsdam,  Malonc,  and  elsewhere,  N.Y.  The  colors  arc  gray,  drab, 
yellowish,  brownitib,  and  rod.  In  the  West,  in  Michigan,  Wisconsin,  and 
Minnesota,  the  rock  is  often  so  suft  as  to  crumble  in  the  fingers.  This  want 
of  firmness  in  one  of  the  most  ancient  of  rocks  shows  how  ineffectual  are  ordi- 
nary waters,  even  through  the  lapse  of  ages,  in  causing  solidification.  At  somo 
localities  it  consists  of  a  clean  white  sand  and  crumbles  readily,  making  a 
good  material  for  glass.  The  rock  is  sometimes  a  conglomerate,  especially 
in  its  lower  part,  for  ten  or  twelve  feet;  on  the  north  side  of  the  Azoic  in  the 
northwest  part  of  Clinton  co.  and  part  of  St.  Lawrence  co.,  near  De  Kalb, 
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•nd  alto  ia  Franklin  co.,  N.Y.,  th«  oonglom«nto  •ttains  la  plMM  •  fhidka«M 

«rsoof«et 

On  the  south  shores  of  Lake  Superior,  ca.-'t  of  Grand  Island,  the  Potsdam 
epoch  is  repredented  bjr  the  famoua  "  Pictured"  rocks,  which  form  bluffs  of  oO 
to  SOO  feat  on  the  Mmth  thom  and  are  Tariagatod  io  oolor  with  vartiaal  baoda 
and  blotches.  The  color  ia  often  a  red  blotched  with  light  gray,  the  red  being 
due  to  oxyd  of  iron,  and  the  gray  to  a  rcmoral  of  the  previous  red  oolor  b; 
organic  matter ;  other  oolon  are  brown,  greenish,  and  yellowish.  Some  of  the 
fodt  is  nrf  aoft  aad  fragile^  and  other  parta  aie  hard  and  giitty.  Tha 
"  Pillared"  rocks  near  the  west  end  of  Lake  i^uperior  are  of  the  same  ago.  On 
the  Croix,  in  Wisconsin,  the  rock  in  for  the  most  part  a  laminated  sandstone 
of  rarioiu  eolon,  and  cither  loft  or  hard.  Soma  portions  aro  paiily  ealoa» 
raova;  aad  towanls  the  top  of  the  scries  true  llmaitone  layer"  an-  inti  rcalatcd. 
Oreen-ittnd  like  that  >,/  the  Chaik  /ormatiom  ooeort  in  some  of  the  bedi  on  tha 
Upper  MisaissippL  (Uall.) 

Tha  Potidan  htdi  <€Texat  oeenr  ia  Bamot  eo.,  Tasa%  wlMm  thcgr  aoadat  of 
aandi'tones  covered  liy  limestone.    (11.  F.  Sliiiniard.) 

Beds  of  sandstone  and  conglomerate,  according  to  Dr.  llaydon,  skirt  the 
Blaok  HOls  of  DakoU  (lat  43»-45»  V.,  lon^;.  10S«-104«  W.),  overlying  tha 
Asoio  aod  OOataining  characteristic  fossils.  Dr.  Hayden  has  also  observed  a 
■Inilar  sandstone  and  con;;1oinerato  in  the  Laramie  Range  of  mounl^iins,  along 
tha  nargins  of  the  Big  Horn  Range  (lat  43°,  long.  107°),  and  along  the  Wind 
Bivar  Moaatalaa.  ThoM  of  tha  Big  Horn  Baaga  afforded  tlie  nraal  Prinotdlal 
fossils. 

The  Potsdam  formation  is  60  to  70  feet  thick  in  St.  Lawrence  eo.,  N.Y., 
diminishing  ia  some  piaeei  to  SO  or  SO  feet ;  in  Warren  aad  Bssez  eoa.,  100  fleet ; 
in  the  St.  Lawrence  valley,  300  to  600  feet;  about  250  feet  in  l»ake  Superior; 

700  feet,  nccor<Iin)?  to  Owen,  on  the  St.  Croix,  Wisconsin  ;  50  to  SO  feet  in  the 
Block  Hills,  Dakota;  200  feet  at  the  Big  Horn  Range;  5UU  feet  in  Burnet 
eo.,  Tbaas. 

On  Lake-t  Superior  and  Huron,  in  the  mppor  region,  there  ift  a  great  thicken- 
ing of  the  Primordial  strata,  in  connection  with  eruptions  of  trap.  The  rocks 
rise  in  sane  plaees  to  a  height  of  3000  or  4000  feet,aiid  eoasist  of  these  igneons 
VOeks  mingled  with  the  sandstone  and  a  scoria  conglODWrata.  Thsss  bsds  an 
mostly  of  the  CulciferoHS  epoch.    (J.  I>.  Whitney.) 

RtgioH  of  tke  Appalachian*. — Along  the  Appalachian  chain  the  great  thiak- 
aess  of  the  aeenatnlations,  aad  espeeiallj  of  the  slates,  is  the  striking  peealiari^. 
At  Hiphgatc,  near  the  northern  boundary  of  Vermont,  the  rock  is  a  red  sand- 
stone containing  fossils.  This  sandstone  extends  north  into  Canada,  ooeurring 
near  Herriek'a  Mills,  in  tlie  township  of  St  Armand.  It  also  ocears  west  of 
Swaaton,  ia  Venaeat,  where  it  is  interstiatifled  with  hlaak  shalea  whieh  oontain 

thapeealiar  fossils  of  the  epoch,  and  some  yjiecief  are  irbntirnl,  arcnrding  to 
BUIfaigS,  with  those  found  on  the  north  side  of  the  Straits  of  Belle  Isle.  At 
Saake  aad  Bnek  Moaatotns,  in  Addison  oo.,  Vt.»  there  are  700  feet  of  h\aA 
shale  overlaid  by  a  thick  bed  of  sandstone  and  magneriaD  limestone,  all  of  the 
Potsdam  epoch  (Billings).  At  Georgia,  Vt.,  there  are  blaek  shales  which  have 
afforded  some  large  trilobitcs.  South  of  those  regions,  cast  of  the  Hudson 
Blbfv,  olaac  hjr  tha  Taeoaia  Maantains  (y^S"  an  mn^  p.  170),  In  die  wastan 
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tfop*  of  tt»  OfMD  Uoaatda  Baag*^  the  PtttaduD  epoch  U  eupposad  to  fai«ln4* 
the  lover  shales,  while  the  iwt  of  the  rocks  may  b«  of  tlM  Calciferous  epoch. 

In  PenD«jlrania  there  arc  2000  feet  of  lower  >latcs.  overlaid  by  90  feet  of 
«Uibt«De,  aod  thia  by  200  to  lUUU  ieet  of  upper  slates  (II.  D.  Rogers).  In  Vir- 
giik  there  are  1200  fact  of  lower  slates,  300  of  sandstone,  and  700  of  upper  ulatos 
(W.B.Rof0n).  In  eMtani  TeaoMtM  Protenor  Safford  hat  dowrihad,  aa  of 
this  agt,  the  "Chilhoweo"  eund-itunes  and  shales.  (»cvcral  thouaad  feet  in 
fhicknm  (consisting  of  sandy  -liiilef*.  jiiiinlitoiu-.s,  mid  lifrht  jrcny  qiiartsite), 
lestioj;  on  the  Ocoee  congluucrates,  Biindstonos,  and  micaceous,  lalcose  and 
akiaritia  dataa. 

c.  Eaaum  border.— On  tha  vorth  lida  of  the  Straita  of  Bdla  Isla,  north  of 

Kevfonndland,  the  Potsdam  rock?  arc  ^jray  and  rcddi.sh  r<iindytone,  2.'{1  feet 
Ihtdky  orerlaid  by  1-il  feet  of  limeHtune,  with  some  shale,  oud  the  latter  contains 
fMBib  related  to  those  of  Georgia,  Vu,  while  in  the  furmer  there  is  the  Scoli- 
OasorthaNawTorkbada. 

2.  C«lolferoixs  epoch. — a.  Interior  Onuintmtal  ftostn^In  aorthan  New 
Y'.rk  some  nf  the  hiycr?  of  tlii-<  r:iUifcrouB  Bandrock  arc  very  hard  and  sili- 
ceoin.  and  contain  gcodes  of  quarts  t  ry,«tnlH.  an  nt  I>iamond  Rock,  Lake  (teorge, 
and  Middlerille  and  elsewhere  in  Ilcrkiuier  cu.,  etc.  The  impure  limcstune 
ftnran  are  adapted  for  tho  prodnetion  of  hydraalie  lima.  Tha  mixtnre  of  eal- 
eareous  with  hard  aOiooont  oharactcriMtics  ii  a  striking:  {icciitinrity  of  tho  rock. 
Owing  to  the  lime  prewnt,  much  of  it  I'ecome.*  roii;:li  Irom  wtjit hcrln l'.  !!•  •^ides 
quarts  and  calcite,  barytcs,  uelestinc,  gypsum,  and  iKicasionaily  blende  and 
anlhramta^  ara  foond  in  ita  eavitiea. 

In  MIehigaa,  oo«th  of  Laka  Soporior,  tho  Caloifaroai  beda  ara  arena«aona>  aa 
In  New  York,  but  with  some  nia;:ncfian  limestone.  Farther  west  and  south 
the  "  msfjnesian  liinei»tonc"  of  the  cjMn<h  is  an  extensive  formation  ;  hut  it  con- 
laios  some  intercalated  sandstone,  and  in  it»  lower  layern  are  occasionally  geodes 
•f  qnarta  or  efaart  On  tha  Upper  Mlatisaippi,  at  tho  Falls  of  St.  Anthony,  and 
also  in  Iowa,  Minnesota,  and  Wisconsin,  tho  limestone  is  overlaid  by  tho  8L 
Peter's  ^nn  Intone  (Owen),  a  flriai»k^  inooherent,  whito  rook,  affording  land  for 
glass-making.  (Whitucy.) 

In  Missouri  there  are — (1)  a  magnesian  limestone  (No.  1)  ovcrlaiii  by  a  saad- 
•lane  (S),  abo«t  S50  feet  In  thieknesa;  (S)  a  aeeond  magneeian  limestone,  with 
some  sandstone  layers  and  chert.  500  to  600  feet  thlek;  (4)  a  sand.otone,  often 
eherty  and  containing  quarti  cry-^tnl;"  in  oiivities,  70  feet :  (5)  a  third  ninirnesinn 
limestone,  oherty  and  arenaceous,  150  lect;  (0)  another  sandstone  j  (7)  a  fourth 
laafneaiaa  Umatftone.  (Swallow.) 

Tha  thiekneee  in  Canada  ia  abont  IM  fteli  la  Hair  Toik  State,  60  to  SOO  feet; 
In  Michi;;an,  on  the  Menomonee  (Tiftko  Superior  repion).  r>0  to  100  feet ;  ia  Wia- 
eoofin  an<l  Iowa,  over  200  feet;  in  Mi}*^'ouri,  between  .'lOO  and  100(1  feet. 

The  magnesian  limestones  of  the  Calciferous  epoch  in  the  West  form  bold 
dUb  aloag  tha  atraaiaa  whore  they  have  beea  ent  through  by  maaiag  water 
and  other  ageadea.  Aa  aaalyaia  of  the  rook  ia  glToa  oa  p.  84.  It  ia  oftoa 
oolitic. 

Region  of  the  Appalar/tian*. — The  Calciferous  beds  along  tho  Appalachians 
haT*  their  greatest  thickness  to  the  north.  At  Point  Levi,  near  Quebee,  where 
thij  hava  been  ealled  the  Qnebee  group,  they  have  beea  eatimated  to  be  AOOO 
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to  7000  foot  thiok  (Logan).   They  ooaaut  of  black  wad  bloa  alialMy  gnj  Mad 
atone,  with  aomt  eoaglomonto^  bodi  of  magBoilMi  aad  oobubob  WmwIow 
(lome  of  them  fog^ilifcroui)/al»t«s  oontaining  gn^iitoUtM,  rod  and  groen  sbalos 

of  great  tliioknostf,  and,  at  the  top  of  the  seric?,  a  sandntonc  2000  feet  thick, 
called  the  "  SUlerj"  aaadatone.  Hunt  haa  found  aome  of  the  dolomitic  cuaglo- 
nonte  to  consiit  Iwgolj  of  gtMO-aaad  (ybneoNtfa). 

The  rooks  east  of  tho  HndRon,  called  Taoonio  roeks  by  Profoaaor  Emmona 
(Arom  the  Taoonic  ranf^o  lying  along  the  weatern  slope  of  the  Green  Monntaina), 
bare  been  referred  to  tbia  epoob.  (Hunt.)  They  oonaiatof  alates,  qoaits-roek,  amd 
limeatone,  and  indnde  the  marble  of  weitcni  Maaiaehnsetta  and  VermoBl.  Fm> 
Mb,  probably  of  the  Trenton  period,  occur  in  the  Vermont  limeytono  f  .«ee  p.  391 ). 

Profoaaor  Emmuna  lung  ainoo  pointed  out  that  these  rooka  were  older  than  the 
•traU  on  the  weit  M»  of  tin  liror,  tad,  rogwdiiig  tbon  m  pro-Sflvrtea,  hM 
called  them  the  TmobIo  qratem.  H«  haa  estimated  the  thiokneaa  at  30,000  feet. 
The  rocka  dip  at  a  large  angle  aa  the  resnlt  of  great  dislocations  and  folds,  and 
the  trao  thtcknesa  ia  of  difficult  determination.  It  ia  probable  that  the  thick- 
aaaa  aaHmated  for  the  Queboe  group  ia  hmnt  Um  tnw  auMUil*  as  haa  boaa 
snggeated  by  T.  S.  TTimf.  Tin-  pref-i^e  line  bctwaoa  the  Potsdam  and  Calcifcroii« 
Strata  in  thia  Taoonic  acricit  baa  nut  been  aseactalaed.  Contiaaiag  along  the 
Appalaehfaas  Into  VaaasylTaala,  wa  flad  the  ItaMStoaa  strata  prsdofniaating. 
H.  D.  Rogers  estimates  tho  ttnndKtone  or  lower  part  at  much  leaa  than  1000  feet, 
and  the  limestone  portion  at  1960  feet  IB  the  KishiooqaiUas  raUaj  aad  MM 
feet  in  tho  Nittaojr  valley. 

Ia  eastara  Tsaaaaaaa^  also  wtthia  the  Appalaehlaa  ohaia,  the  earlier  part  of  tha 
epoch  is  represented  by  Inminatod  snndstonex,  jouir  lutn'lrt'Is  cif  feet  thick; 
above  thia,  a  magneaian  limeatono,  often  ooUtio,  eatimated  at  1000  feet  in  thick- 
aess,  blniah  below,  grayish  at  the  middle^  aad  gray  aad  eharty  abora. 

Tlf  (  alciferoua  rocks  throughout  the  Appalaehiana  have  been  greatly  dis» 
turiied.  The  beds  nsoallj  lie  with  their  edges  to  tha  awlkaa  and  H^fiaj  « 
large  angle. 

e.  Jfosreni  horder.^At  the  Mingaa  Islaads,  in  the  Oalf  of  8t.  liaanaiaa,  tha 

Calcifcrous  enndrock  occtirs  overlaid  by  a  white  limestone,  which  is  probably 
referable  to  tho  aamc  epoch.  Upon  the  latter  rests  tho  Cbasy  limeatono.  The 
white  UaiestoBe  is  foaailifSMroas,  and  none  of  the  spaeles  are  idaatieal  wi&  kaowa 
ObMf  foraiay  wUla  aavoral  ooaar  la  tha  aaadroak  halaw. 

Struottiral  peooliaritiea. — (a.)  The  thin  lamination  of  most  of 
the  arenaceous  beds  ia  an  important  characteristio. 
(h.)  The  layera  of  the  Potsdam  sandstone  in  New  Tork»  A^?i#d#, 

Michigan,  Wisconsin,  and  elsewhere,  are  frequently  nUKle  up  of 
obli<iiJ"  ly  laminated  layers,  .is  in  (ig.  Gl  c,  p.  93. 

(r.)  The  layers  in  Michigan  and  clHewlitMe  have  sometimes  tlie 
compound  character  illustrat^xi  in  tig.  6i  j.  Thiti  ligure  (by  Foster 
h  Whitney)  is  from  the  Potsdam  sandstone  of  Lake  Sapwiw. 

(if.)  Ripijlc-marks  (fig.  62)  are  common  on  many  of  the  layers  of 
the  Pot.sdam  sandstone  in  New  York,  Canada,  and  the  West»  and 
also  in  sandstones  of  the  Calciferous  epoch  in  KissourL 
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(<f.)  Mud-cracks  (fig.  64)  characterize  the  layers  in  maaj  placet. 

( /. )  Wave-marks  (|  101)  occur  on  some  of  the  layers. 

(^.}  i>iiiceous  or  cherty  concretions,  and  geodes  of  quarta  crystals, 
eharaeteiiie  many  layers  of  the  Galoiferoiu  epoch,  both  in  New 
York  and  the  West.  Even  the  limesttmea  of  Hiaaoiuri  are  ohertj 
in  some  layers. 

The  above  marks,  b  to /,  are  evidences,  whoro  they  occur,  either 
that  the  deposits  were  formed  in  shallow  waters  (&,  d),  or  as 
emerged  beaches  or  Bats  (d^  e,/),  or  as  wind-drifts  over  fields  of 
sand  («). 

3.  Minerala.— The  minerals  of  the  Potadam  iiMinations  havo 

already  been  partly  enumerated.  There  are  no  important  beds  of 
ore  in  New  York.  lron-^)res  occur  in  Canada.  The  Uad-bcuntxg 
rocks  of  Missouri  and  Arkansas  are  the  magnesian  limestones  of 
the  GaloifenMia  epoch ;  and  with  the  leadore  (galena)  occur  alao 
valoaUe  ores  of  cohalt»  and  the  ashociated  species,  pyrites,  baiytea, 
calr  spar,  etc.  The  copper-mines  of  the  Lake  Superior  region  are 
in  the  ro<>ks  of  tliis  period;  and  some  remarks  u|)on  them  will 
be  found  on  page  195.  Quartz  crystals  in  gi-eat  abundance  occur  in 
carities  in  the  Galdferous  rocka  of  central  New  York,  and  fiasurea 
are  often  lined  with  crystals.  Anthracite  coal  in  small  piecea  ia 
found  ill  some  of  the  r'alciferous  beds,  and  fragments  are  at  times 
inilxHided  in  the  crystals  of  quartz,  or  lie  loose  in  the  cavities  that 
afford  the  crystals. 

2.  EUBOPtAN. 

Rocks  of  the  Primordial  period  have  been  observed  in  Great 
Britain,  Scandinavia,  Boliemia,  and  other  countries. 

In  (jr<-at  Hritain  they  outcrop  in  the  western  half,  and  are  most 
largely  displayed  in  Shropahire.  The  rodu  in  thia  region  are  hard 
ailioeoua  grita  and  sandatonea,  and  often  atand  oat  in  mde  cnga,  aa 
at  the  Stiper  Stones ;  and  they  have  in  places  ripple-marks,  wave> 
marks,  mud-cracks,  and  worm-bnrrows  (-S<ViMi/.s),  like  the  Potsdam 
nx^'k'^  of  America.  Their  thickne.'^s  is  from  800  to  lOOO  feet.  They 
are  much  inclined^  and  rest,  according  to  Murcbison,  "  in  conform- 
.able  apposition  upon  the  upper  edgee  of  the  Longmynd"  rocka* 
or  the  Cambrian,  as  the  latter  are  called  (a  name  first  used  hf 
Sedgwick).  These  Cambrian  rocks  are  slates  and  sand.stoncs. 
having  the  estimated  thickness  of  2G,<K>0  feet;  and,  although  re- 
garded by  Murchison  as  sub-Silurian,  three  or  four  fossils  have  been 
detected  in  them,-^rii. :  two  spedea  of  Secrweed  or  Corallines  ( genua 
(Xdhamia)  at  Bray  Head,  in  Ireland ;  and  burrows  of  worms,  and  a 
fragmentof  a  Gruataoean,  ia  Shropshire.   In  North  Wales  there  are 

13 
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flags,  like  those  of  the  New  York  and  Western  Potsdam, 
ttt  tt\>rthwest  Seothmd,  bedj?  referred  to  the  (  "ainbrian,  consisting  of 
rt"\i  and  purple  sandstones  and  conglomerates,  overlie  unconform- 
the  orystaliiue  Azoic, — "  the  fundamental  gneitis"  (Murchisou). 
It  should  be  here  sUted  that  Muiehison  pleoee  these  Cuabriui 
on  the  same  horison  with  the  Huronian  of  Canada.  The  oor- 
ft^M»  of  this  inforence  is  not  yet  ftilly  established.  A  large 
y^vUon  of  the  oiystaiiine  rooks  and  schists  of  the  Highlands  of 
j^i^and  are  metamorphic  rooks  of  the  Silurian  age. 

In  Lapland,  Norway,  and  Sweden,  there  is  a  Primordial  sandstone 
overlaid  by  schists,  the  lowest  beds  passing  at  times  into  a  conglo- 
merate. Tliey  are  the  regions  A,  B  of  the  geologist  Angelin. 
\n  Hoheinia,  the  lowest  Primordial  beds  are  schists  1200  feet  thick. 
%i«UUh1  by  Barrande  PMonie  aekiati,  or  the  Primordial  Zone,  and 
numbered  C  in  his  series, — ^his  A,  B  consisting  of  schists  and  con- 
glomerates conformable  to  C.  Until  recently  B  was  thou|^t  to 
contain  no  trace  of  life,  and  therefore  to  be  below  the  Primordial ; 
but  within  a  short  time  worm-burrows  have  l)een  reported  by  Dr. 
Kritsoh  to  occur  in  some  of  these  inferior  beds.  The  formation  C 
has  been  regarded  as  the  e(juivalent  of  the  Potsrlam ;  but  it  may 
bo  necessary  to  add  a  part  or  all  of  B.  Barrande 's  next  division, 
lettered  D,  consisting  of  schists,  sandstones,  and  conglomerates, 
corresponds  to  the  rest  of  the  Lower  Silurian ;  but  the  lower  por- 
tion of  it  may  represent  the  Oaldferous  epoch. 


n.  xafe. 

1.  Americ.w. 

Ac  the  life  of  the  Potsdam  period  is  the  beginning  of  the  system 
of  life  deciphered  in  American  geological  history,  great  interest 
attaches  to  it^ 

1.  Ptantf. 

Algas,  or  Sea-u-i  cih,  are  the  only  plants  distinguished  ;  the  species 
are  related  to  the  Fucoids,  or  leathery  sea-weeds,  of  existing  coasts 
(p.  167). 

In  gensrtl,  the  rmsias  wn  itony,  Termilbrni,  brsnoMnf  fbwil^  wiwHy  d«iti- 
tnta  of  the  original  vegetable  material.   But  in  Mne  plaeos  thin  seams  of 

mineral  coal  have  been  fonmJ  ^r  nnath  or  near  fticoidal  Inyor^ :  nn«l  in  TTcrkimer 
CO.,  N.Y.,  tho  quartz  crystals  ."oructimc?  contain  fragments  of  anthracite.  Tbo 
lowest  of  these  distinct  /ueoidal  layers  in  New  York  oeonrs  in  the  inferior 
part  of  tho  Caloiferont  bods :  It  abonnds  fai  almidor  bnaehod  bat  trrognlar  ftans, 
eallod  Palmophjfcut  {rrryufarig  IT.  (tho  name  of  tho  genus  being  from  tho  QrMk 
for  «iMt«iK  Sta-wted  or  Fmau),  In  another  and  higher  lajrer,  the  ateaia  an  m 
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Iaif»utheftBg«r;  theepMiMisthaP.  fH^HlBriiw  A  bnaolrad  or  palnwto  fpc- 
eies  u  the  Ituthotr^i^  ttntiqma  B.  Othtr  tpeoiM  of  P«beophj«iu  oeour  In  Um 

bed*  of  the  CaU-ifcrous  epoch. 

It  is  pouible  that  the  infusoria  called  Diatoms,  now  referred  to  the  vegetable 
^Uogdom,  exiatftd  in  th«  wMtm,  along  with  Sponger  they  may  have  been 
*  MNine  of  port  of  iho  ehort  and  qnoitt  ia  tho  boda.  Bat  no  tonudns  of  tbooe 

■ikroKopic  species  hare  yet  been  detected  in  so  ancient  strata. 

The  rrlimlrical  upright  !*tem!i,  called  SroliihuMf  OOOUDOn  in  the  PoUdom  bodfff 
are  aow  regarded  aa  the  fillings  of  wurm-hules. 

2.  AmmtUa. 

Among  the  animals  of  the  Pot^sdam  or  rrimordial  poriod,  though 
few  in  species,  three  of  the  sub-kingdoms  were  represented, — the 
Bftdwte,  the  Mollnaoui,  and  the  ArtiouUte. 

The  spedee  ere  all  marine ;  none  are  proved  to  be  of  freeh-watw 
ct  tenreetrial  life.  They  included, — 

1.  Among  ProUizoans :  probably  Sponges  (fig. 230  A)  and  Hhizopods. 

2.  kmfsn^  HadiaUs :  Crinoids,  of  tlio  or<l<  r  <if  I'>hinodorms ;  Grap- 
tolites,  supposed  to  be  of  the  order  of  Acalephs ;  and  possibly  ooral- 
niaking  Polyps. 

3.  Among  MoUutJu:  Bryozoaaa,  Brachiopods,*  ConchiferH,  Ptero- 


*  \t  Brachtopodt  are  the  most  abnndant  fossils  of  tho  Sihuriaa,  their  dintin- 
>riii^hinp  oharacteri«tic>«  nnd  the  more  important  genera  are  here  mentioned^ 
— taken  principally  from  Davidson  (Paltcoutographical  Society  publioaiions). 

1.  AmimaL—AM  slated  on  page  IbB,  the  living  animal,  nnliko  all  other  Mol- 
laaki^  has  (1)  a  pair  of  spiral  araas,  as  shown  In  llgs.  212  and  216;  and  to  this 
Iho  aaano  JBraekiopod  alludes,  from  the  Qreek  for  arm  nnd  fool.  These  arms 
may  sometime?  he  thrown  far  out  of  the  !>hell,  so  as  to  be  used  for  taking  food. 
(2)  The  animal,  m  well  as  shell,  is  symmetrical  either  side  of  a  vertical  line  let 
fcU  ftom  tho  eonti*  of  the  hiage»— tho  Uao  a  6  hi  flg.  218 ;  and  in  this  the  species 
differ  flrom  all  the  Conehifeia  (or  LamelUbranchs).  (3)  There  are  no  braaehin 
(gill.4)  apart  from  the  paUinm  or  maatte;  and  henoe  Braehiopods  are  oflea 
eslled  /*a//u>iraiicA«. 

2.  ShtlL-^Thm  chaneteristies  of  most  importanoe  are  as  follow 
fl.  Tho  large  toIto  (see  llg.  211  and  otbers)  is  tho  reatraL 

h.  The  form  of  the  lalenMl  sappocts  connected  with  the  spiral  arms  varies 
Murh.  an<l  often  they  arc  wanting.  The  loop-form  is  seen  in  figs.  208,  209,  210; 
the  spiral,  in  tigs.  212,  215;  the  short  process,  in  fig.  217  j  and  they  are  wanting 
ia  Igt.  220,  221. 

r.'  Tho  general  form  and  estorior  maridnga  of  the  ahell  afford  importaat 

characters  ;  the  nearly  e(|unl  convexity  of  tho  two  valves,  or  a  mediol  depression 
on  the  ventral  valve,  with  a  corresponding  elevation  on  .the  dorsal,  figs.  211, 
213. 

dL  Tbo  baah  of  the  ahail  auj  bo  voiy  large  and  lUl  (figs.  211,  229),  or  very 
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pods,  Ga»teropcKis  ( p.  156).  and  Oeidudopods  (p.  155).  Thm,  all  the 
grand  divisions  of  MoUunks  wore  rppresented.  This  cannot  be  said 
of  anj  other  of  the  four  sub-kingdoms  of  animal  life.   Even  at  the 


small  and  little  prominent  (figs.  210,  220);        hare  MM  apeitaie  or/<MwnMii 
et  apex  (iigs.  160,  213,  214),  or  not 
«.  Th»  Uage-line  may  be  etraif  ht,  or  not ;  m  loag  M  tha  gnateet  biMwIth  of 

the  shell  (211,  219.  222),  or  s.h„rtc'r  (217.  21H). 

/.  The  presence  or  nut  of  a  cardinal  area  (hinge-area) ;  there  is  a  large  one 
ia  fig.  211,  and  none  in  ftg.  228. 

ff,  Tho  presence  or  absence  of  a  deltidium, — composed  of  ona  or  two  accessory 
piece?  oeciipyini;  a  triangular  opening  under  the  l>enks,  ns  seen  in  fip.  214. 
Sometimes  a  similar  opening  at  the  middle  of  the  hinge  ia  partly  or  entirely 
dosed  by  the  growth  of  the  shell,  so  as  to  Isaro  a  trisagvlsr  prominoDoa,  callsd 

a  pseutlo-deltirlium,  a.*  in  Ciftia,  Streptorhynchut,  etc. 

A.  The  markings  on  the  inner  eurfsoe  of  the  valvee  are  of  special  importanee» 
aad  partionlarlj  th«  muoalnr  impressions  asoally  sltaslad  n«ar  tbs  medial  lino 
not  far  flrom  the  hinge  :  ou  the  '/»>■•«/  (or  smaller)  ralvo  there  are  in  the  arti- 
culated genera  two  juiirri  fn  iinJ  «i'  in  f\f:<t.  217,  220,  224,  22fi).  sonietimeH  coalescing 
SO  as  to  be  one  pair,  for  the  attachment  of  the  adductor  muscle  (closing  the  ebell) : 
ono  Is  nsaallj  la  advaaeo  of  the  other,  bat  In-ifs.  220  snd  ISS  tksgr  af«  slda  by 
sido;  on  the  ventral  (or  larger)  valve  there  is  a  single  impresslBn  on  the  medial 
Una  botween  two  others  (figs.  218, 224) ;  the  single  impression  Is  the  insertion  of 
the  midwtw  muscle  (a,  figs.  218,  221,  224,  227),  and  the  pair  sn  the  inssrtions 
of  the  cardinal  mnsele ;  the  latter  moselo  termlnatss  on  the  donml  ralre  asaally 
ia  a  small  process. 

Famitif  of  Bmdiiopod*, 

Ttrtitmhita  Family  (iigs.  160.  208-210).— Haring  arm-supports  of  tho  Aim 
of  n  loop  attached  to  tho  •'mnUor  or  doisal  TalT^  and  a  foiamm  at  tho  apex 
of  the  beak.   Shell •structurv  punctate. 

Sptrf/tr  Fmmify  (Iigs.  211-216).— Having  spiral  supports;  disll  usoally  with  a 
medial  fold;  hingo-line  oommonly  long  aad  stnight (sonstlmes  short);  bosk 
laige  and  full. 

BkfmvhoutUa  Family  (figa.  216-218).— Having  tha  anusappoits  shmt  enrvad 
preoosses ;  beak  nsnally  ftaU,  bat  mrow,  and  having  a  fistanMai  dmU  ssMoai 

Widor  thnn  hijrh. 

OHhi»  Fumilg  (figs.  219-227). — Arm-supports  wanting;  shell  rarely  with  a 
HMdlal  fbid ;  sbdl  varjrlng  botwosn  ochlonlar  and  D-shapo;  beak  nsnalty  vaij 

small,  hut  sometimes  produced. 

Produetnt  Family  (flgs.  22S-280). — Ann-supports  wanting;  shell  without  a 
medial  fold,  or  almost  wholly  so;  hinge-line  straight,  often  as  long  as  the 
braadth  of  tho  shsU,  or  noaily  to^  and  without  a  eardtesl  aiaa,  ar  with  only  a 

narrow  ime  ("excepting  in  Strophaloti'rt  and  Aulo»tri/f,)  5urrnce  often  tiihular- 
spinous;  form  usually  D-shape,  with  the  dorsal  valve  very  concave;  beak  often 
very  large  aad  fUL 

A'eeAM  Fumltf  (Igi.  SSt-S36).— Thin  uid  snail  dlsk-ihapod  sfaslis ;  oihlealar 
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close  of  the  Silurian  age  the  Radiate  type — the  lowest  of  the  four — 
wiis  less  fully  displayed  in  its  subdivisions  than  the  Molluscan. 

4.  Among  Articufitfcjt :  marine  worms,  and  Crustaceans  of  the  tribes 
of  Trilobites  (figs.  242,  243,  245)  and  Ostracoids  (p.  154). 


or  ovat«;  a  slit  or  foramen  through  the  ventral  valro;  no  articulation  between 
the  ralvcK. 

Lingnta  Family  (figs.  161  and  2.10). — Thin  and  small  shells;  orbicular  or  sub- 
orate  :  no  foramen  ;  no  articulation. 

Besides  these  there  arc  also  the  Crnnia  and  Thtcidium  families. 

(•c:«CliA  or  BBAcniOPons. — 1.  Trrebratufa  Fnmify. — (tenuK  Tcrehratuln.  like 
fij(s.  160  and  20S ;  (he  loop  small,  as  in  fig.  209.  (icnus  Wfildhcimia,  the  t<amo, 
the  loop  large,  fig.  208. 

Bcfides  these  genera,  Tertbratulina  haf)  the  cidc  (or  "  crural")  processes  near  the 
baj«  of  the  loop  united  (fig.  210).   Another  gcnnx,  TcrebraUlla,  has  the  sides  of  the 

Figs.  208-21.'). 


Fir  206,  Waldheiniia  fl«vi-i»ceii«  :  'JW,  loop  of  Terfl»rnHil)»  vitrra;  210,  Id.  Trnbrmiilina 
e«pat-«rrpeuti«:  211,  Splrift-r  ulri.-ilmi;  2f2,  same,  interior  <if  doriwil  valvo;  21.1,  Athens 
coocentricA:  214,  215,  Atrypa  reticular^,  thi<  latter  ilorsal  Tnlvc. 


loop  united  at  middle  by  a  cross-piece,  and  this  piece  soldered  to  the  shell.  Terc' 
brirxittrn  has  the  beok  extravagantly  prolonged,  so  as  to  bo  longer  than  the  dorsal 
valve.  RtHmtlarria  has,  instead  of  a  loop,  a  peculiar  hastate  brachial  support, 
projecting  far  within  the  dorsal  valve.  Stricklandia  of  Billings  may  be  the  same 
genu«,  and,  if  so,  it  antedates  Rcnssclaoria.  Ceittronella  seems  to  bo  intermediate 
between  TcrebmtHta  and  Waldhetmia.  Other  genera,  rarely  met  with,  are  Tri- 
yoMoa«MH«,  ileyrrlit,  Mayn$,  Argiopt,  appearing  first  in  the  Cretaceous,  and 
Kramttia,  Bouchardia,  and  Jfurritia,  known  only  in  recent  seas,  with  a  pio-fible 
exception  of  the  last.  StrimjftctphttlHi  is  another  genus,  probably  constituting 
ft  rab>family,  occurring  in  the  Devonian. 
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The  most  abundant  fossils  in  the  Potsdam  beds  ore  the  shells  of 
the  Bniehiopod  genus  Linguhi  (figs.  l2.'i7-2.'»9),  and  Trilobites. 

The  Lingultc  are  so  numerous  in  some  phwes  an  to  give  their 
name  to  the  rock  :  thus,  there  are  the  Lingula  gritu  and  Lingula  Jiags, 


2.  Spirl/tr  Familg. — The  f^cnua  Spiri/cr  includes  the  common  species,  having 
iinually  a  lung  liingc-lino  and  di.^tinot  cardinal  area  (fig!<.  211,  212).  In  Aihyria 
(Kg.  21.'<)  the  hinge-lino  in  much  .ihorter,  the  hingo-area  email  or  none,  the  l>cak 
contracted  and  having  a  xmall  round  aperture.  This  genus  i.t  like  Terebrnlula  in 
it.i  narrow  Torm,  and  beak  without  cardinal  area,  but  has  the  spires  of  the  Spin- 


Vig.  -If,  Itliynrhom-IU  pxittncr!*.  whowinfi  tin-  spirnl  iirnis  of  the  nniiuMl;  217,  lA  donuil 
valve;  ;ilK,  id.  v<Milnil;  JIU,  !<tro|ili<>iiiciiit  |iIiiiiiuiiIniiu« :  Id.  tlurwtl  valve;  221,  id. 
vpntml;  222,  l>i'|iliftiii  truiiMvt-ritidiii;  22."^,  id.  iliTuii  valve;  224,  id.  veotral;  22,'i,  Orthii 
Ktriatulu;  22(V,  id.  ilorsai  valve;  227,  id.  vent  ml. 


fern.  Atrtfftit  (figs.  214,  215)  has  the  spires  diflfercntl.v  arranged,  as  in  the  flgur«; 
the  form  narrows  to  the  beak,  where  there  is  no  hinge-area  or  only  a  small  one. 
Uurltr*  has  the  beak  extrnvagantl y  pridi>nged,  and  a  largo  opening  beneath  it. 
Ctfitin  has  nearly  the  same  extravagant  prolongation  of  the  beak,  but  with  a 
largo  hinge-area,  and  a  very  small  opening  left  at  the  tup  of  the  pseudo-dcltidium. 


Digitized  by  Google 


POTSDAM  PERIOD. 


183 


among  the  Primordial  strata ;  and  the  same  is  true  of  a  closely- 
related  shell  of  the  genus  Obolus  (fig.  230).  Besides  Brachiopods 
of  the  Lingula  family,  there  are  others  of  the  Orthis  and  Rbyncho- 
nella  families  even  in  the  Potsdam  epoch. 


Kimuckiiia  an  imperfectly  dotormiDod  gonas,  resembling  Produetut  in  form, 
bat  differing  internally. 

Among  other  genera  and  Rubgenern  of  thin  family  may  be  mentioned  Ci/rlina. 
R*tt!a,  i/rriila,  \ucievtpira,  Trtmalotpira,  Rhi/nchofjtira,  Charionrlln,  ete. 

3.  Rkynekonella  Family. — Tb«  gcnU8  Rhynehonella  (figa.  216-218)  enntnins 
plomp-OToid  or  subtrigonal  shelU,  usually  narrower  tbon  bigh,  and  narrowing  t(i 
tbc  heak,  having  usually  a  foramen  and  no  binge-area;  generally  a  U-j>bnpcd 
fltinrt  in  the  anterior  margin  of  the  ebell.  Prui'im^ruii  hafl  a  much  fuller  and 
more  incur\'cd  beak,  and  no  area  or  dcltidium,  though  there  is  a  triangular 


PigK.  228-236. 


Pi(C.  228,  Produrlii*  urulpiitnn,  domal  view;  22!>.  PrtHliictUR  nciuiroticulntti*,  vtntrnl  tIow; 
220  A,  Motion  of  IVuductiM,  nliowinK  the  riirvalurc  of  the  vftlv«>H;  SUI,  Clmm-lrs  lain, 
oppiwiic  view*;  C«lrr«ilft  Miiiilnlina ;  '£i2,  Craiiiii  niili>iut»;  "iTW.  Disciiin  liitiii  llofin.  fi.le- 
ti<-w:  -SU,  id.  iiliouiii;;  ronuuen;  '£il>a,  by  Siplionotrvta  unguiruUta,  oppuaito  %-iewit;  '£36, 
OMxu  A(KilUDi«. 


opening  at  the  middle  of  the  hinge,  which  uj'Hnlly  hecomcn  eloped  in  adult  nhell« 
by  the  incurving  of  the  beak.  Catnaruphoria  \%  a  rare  genus  of  the  Cnrboni- 
ferou?  and  Permian.  Purnmlonittn,  a  very  plump  obeli  of  the  Lower  Silurian, 
near  Rhyncbonella.  Camerrlht  of  ltilling5  is  another  genus  of  this  family, 
found  in  the  Lower  Silurian.  Lrptocalia  and  Eutonia  probably  belong  to  Ihi?" 
family. 

4.  Orthi*  Fii,i>ily.—\n  the  genus  Onkin  ffigurei  225-227)  the  species  are 
asually  rather  thin;  often  orbicular,  at  timen  u  little  wider  than  high;  both 
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TriioMtos  wprp  the  largpst  animals  of  tho  eon«,  and  the  hijiliest  in 
rank.  TIhtc  wore  numerous  kindn,  and  tin  y  varied  in  length  IVom 
ft  sixtli  of  un  inch  to  two  lect.  Fig.  246  is  u  UiniinishcHl  representai- 
tion  of  one  of  them :  it  is  a  speoiea  of  Pamdoxides  (P.  JUaiiam),  from 
the  Primordiftl  rooks  of  Braintree,  near  Boston. 


vslves  in  gcnoral  iMuly  wivally  oonTtz ;  the  hinge-line  usually  not  long,  with  a 

umall  cardinal  area ;  a  few  Bi>ecie8  resemble  a  narrow  Spirifcr,  and  have  a  medial 
fold  and  long  hinge-lin«.  OrthitiHa  ba«  tbo  bingo-area  vcrjr  large  and  reversed- 
tiiSBgnUr,  with  •  oonvex  deltidlaB,  and  the  iheli  wbgiiadreite.  Smpkammm 
esntains  thin  D-shapcd  epecies  (figs.  219-221),  with  a  straight  hingc-ltne 
about  as  long  a«  the  width  of  the  shell,  a  very  narrow  hinge-area,  the  doruU 
valve  often  very  oonoare,  with  the  Tentral  bending  to  correspond,  and  the  four 
addoetor  Buoalar  impressioM  in  the  mum  tnuuTWN  line.  LtfiUuM  is  iinilar 
(fig^i.  222-224),  but  baa  the  four  mu<4<MiIar  impressions  of  diffenat  shsneteTf 
OS  aeon  in  fig.  223,  while  in  Strophomena  tbcy  are  as  in  fig.  220. 

5.  Produehu  Fmmity. — In  the  genus  Prodiuttu  (igs.  228,  229)  the  beak  it 
very  full;  hinge^Iino  u.nually  a  little  shorter  than  the  width  of  ahdl;  no 
true  hinjre-area,  and  no  bcak-nperture ;  the  smaller  valve  concave;  the  surface 
of  tbo  sboU  spinous,  tbo  spines  tubular.  The  margin  ut  the  sboU  is  prolonged 
dewnward  often  to  a  great  length,  and  souMtimes  otoses  around  into  a  tube. 
Ch'iu'ii-  ffi;;.  230)  has  a  sfrai;rl»t  hingo-lino,  commonly  a?  long  us  the  width  of 
the  shell,  the  form  rather  thin,  with  the  beaks  nut  lull  and  prominent,  resembling 
Leptnna;  smaller  valve  concave;  binge-edge  of  larger  valve  furnished  with  a 
fhw  ipinei.  Strophal'itia  is  much  like  Pmdnetns  in  form  and  spines,  but  it  inoin 
eircular,  nml  the  shells  have  a  hinge-area,  and  a  regular  hinge  with  tt  i  th ;  it  al!>o 
differs  in  being  attached  by  the  beak  of  the  ventral  valve.  Atito»icyea  is  also 
similar  to  Prodootos  in  general  form  and  spinet,  bnt  there  is  a  broad  triangolar 
binge-area,  and  the  beak  is  twisted  somewhat  to  one  side. 

6.  Di'ctnn  Family.  —  In  Di'in'tirt  (fig?.  233,  2.'i4)  thf  form  !■<  orliir-ular  or  oval  and 
the  valves  low-ounical ;  there  is  u  slit  through  tbo  ventral  valve,  beginning  at  ur 
near  the  highest  point.  The  gennt  OrHeuta  is  hero  Inelnded.  TVeaMtfi*  it  timilar» 
but  one  valve  has  the  umbo  or  prominent  point  marginal,  or  the  slit  reaohet 
nearly  to  the  margin.  In  Aji»Aoi>olrer<i  (fig.  235)  the  form  is  ovate,  the  beak 
projects  at  the  margin,  is  tomewhat  pointed,  and  has  a  small  aperture.  Acrotreta 
has  the  perforate  valve  elevated  into  a  high  oblique  oone. 

7.  Liii'/'ihi  Fiimtiy. — Linifulit  (fig.  161)  is  narrower  than  high,  and  pointed  nt 
the  beak;  valves  equal,  thin.  Obotut  (fig. 236)  is  rotund  or  rotund-ovate;  Talret 
s  little  unequal,  the  dorsal  ralve  being  the  tmaller  apd  leatt  eonrex,  as  in  most 
Biaehiopods;  muscular  impressions,  iiz,«i>two  medial,  two  lateral,  and  two  very 
near  the  umbos  (fig.  2.16  h), — having  some  approximation  to  the  Crauite.  OboitUa 
Billings  has  still  different  muscular  impressions,  as  shown  in  fig.  244  A. 

8.  Cimia  Amiil^.— The  gennt  Ovule  hat  intenal  auutklag^  at  in  flg.  23^  and 
the  shell  was  attached  when  living  by  the  tubstanoeof  one  valve  to  a  rock  or 
other  support,  Calcnla  (of  doubtfhl  rdations)  is  like  a  cone  flattened  on  one 
side  and  closed  with  a  lid,  as  in  flg.  281 ;  valres  not  hinged. 


9.  Tktetdi»m  /Vuntff.— nceWast  eontaint  thUk^thdled  iptde%  hl|^  than 
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Bt'side?*  theso  romain>i  of  Cnistncenns.  tlioro  are  peculiar  tracks, 
found  at  lieauharrn  li-  and  elsowhero  in  Canada,  and  called  Profich- 
Kda  (fig.  245  B),  whicli  are  supposed  to  liave  been  made  by  large 
ChttteoeMkB  h»nng  stout  legs  like  the  modem  Limulua:  they  are 
loomalous  in  form,  and  need  further  explanation.  A  Tery  different 
kind  of  track,  also  firxt  made  known  by  Logan  (fig.  245  A),  occurs  in 
\hf  same  Canada  rocks.  It  is  six  and  three-fiuartor  inches  wido ;  and 
one  trail  is  continuous  for  thirteen  feet.  It  has  been  regarded  as 
the  traek  of  «  v«ry  hurge  Gaateropod ;  but  it  is  quite  as  probable 
that  it  waa  made  bj  the  duster*  of  foliaoeona  appendages  of  one  of 
the  great  THlotntes, — ^these  appendages  bmng  its  locomotive  oigana. 

Tmpn'sstons  of  Innp  nmrino  worms  huvo  l)oon  reported  from  some 
of  the  iihales.  Ik'sides  these,  there  are  worm-holes  in  tlje  Potsdam 
Mndstones — though  now  filled  with  rock — which  are  referred  to 
burrowing  worms  of  the  AraueU^  fuaaSAy  (so  called  from  the  Latin 
««M,  aeaid,  and  tiuw&i,  mhaJHUutt).  They  penetrate  the  rook  verti> 
rally,  and  are  often  in  jmirs.  ass.  is  now  the  habit  of  sueh  worms.  The 
rami  common  kind  in  the  Potsdam  sandstone  is  called  Scolithux 
tuuans  (fig.  240) ;  and  for  a  long  tinie  it  was  supposed  to  be  the 
remaina  of  a  fticoidal  plant.  They  are  so  abunduit  in  th^se  de> 
posits  of  the  Potsdam  epoch  that  they  serve  to  identify  them  in 
different  regions. 

In  the  North  American  rocks  of  the  Potsdam  period,  already 
nearly  sixty  species  of  Trilobites  have  been  found  and  dohcribed, 
and  over  forty  species  of  Oraptolites.  Although  the  species  of 
ihdls  were  not  numerous,  some  kinds  were  exceedinj^y  dbondant, 
and  many  layers  are  almost  wholly  oompo.<«ed  of  them. 

If  the  Pots<lam  and  Calcifcrons  epochs  were  nanuMl  from  their 
most  characteristic  species,  the  former  would  be  the  Lingula  or 
Fnadozides  epoehf  and  the  latter  the  Graptolite. 


■Ids,  IwTiag  a  poiatad  bask,  ywrj  laifs  triangnlar  htags^atsa,  and  tatsmaQy 
dij^tate  mueolar  ittpiasrioas ;  somaimMvd  la  tlie  Triai^  aad  has  a  singls  liTiag 
^«cies. 

Otwitfumfa  Is  a  geavs  of  rars  oeearreaoB  aod  nadslsnBlBed  rslalions.  Thsre 
ii  Mine  reMmblane«  to  Lrptirnn   but  it  has  a  pair  of  low  aad  fiUat  spiral  eoass 

OB  tb«  inner  surface  of  the  Inrgor  vnlve. 

Tlw  following  genera  have  Kpecicn  in  the  existing  seas;  and  those  having  an 
sslwisk  SI*  kaowo  only  toesot.  la  the  Aiviraiwte  fimify,  fbo  gonora  Toro- 
bratula.  Waldhciniia.  Tcrcbrafclla,  Mcgcrlia,  Kraussia,*  Bouchardia,*  Morrisin, 
Argiope;  in  the  Tkecidium  /amiig,  Thoeidiom;  in  the  Rkynehonella  /amiiy, 
XbjadlOBena;  In  the  Crania /vm^,  Crania;  In  the  Ditefna  family,  Diacina;  in 
the  Liitgul'i  /rimiVy,  Lin^iila.  Thsta  an  no  llTing  spsdss  of  the  OrM$f  Pro- 
rfaeaii,  aad  Sj/tirtftr  familiss. 
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The  genera  Lmgula  mdJXteina  are  the  only  two  in  the  animal 
kingdom,  as  far  ns  now  known,  tliat  began  witli  tlio  primal  life  of 
the  globo,  in  the  Potsdam  epooli,  and  continued  on.  in  a  succession 
of  species,  to  the  present  time, — the  species  changing,  but  not  the 
genera.  The  analyMs  of  the  andent  and  modern  sheila  bj  T.  S. 
Hunt  bonfinn  the  hel  of  the  fiunOj  identity  between  the  ancient 
and  modem  species  (p.  68).  Unlike  nearly  all  other  shells,  they 
have  the  constitution  of  bones,  or  nre  mainly  phosphate  of  lime. 
Another  genus. — ynutilus, — if  the  sjjecimons  arc  rightly  referred, 
commenced  in  tho  Calciferous  epoch,  and  still  has  living  represent* 
ativea,  nearly  equalling  the  Unffula  In  the  length  of  its  hlstoiy. 


Fig.  236  A. 


ChararttTi/ttic  Sjtrrirx.  —  1.  Pn's'luni  Kpor/t. 

ProtOXOana.  —  6>oM9c«.  —  Fig.  236  A,  Aicheoc^alhut  AllattticMt  h,,  i* 
•llher  aeonil  era  sponge  (BilUngi):  a  re- 
pre.icntx  the  cxtcmul  form,  dilBiallbad 
one-half  in  .»i/.e :  i>,  a  polixlud  trnnSTeiM 
aeotion  (natural  sixo),  sbuwing  an  irrt- 
gnlaritj  of  itraetore  more  like  that  of  a 
ipong*  than  a  cural.  It  cnmei  from  the 
north  ihore  of  the  Straits  of  Bello  Isle. 
A.  MiugaHtnti*  B.  is  another  ipeciei  from 
the  same  loeaUty. 

Radiates.  —  a.  Polyp*.  —  No  corals 
haro  been  found  in  thii  formation,  unlcM 
the  Areheocyathas  be  of  this  natni*. 

b.  ilonfqiilt.— Fig.  144,  Ortgflomkiu  BalUmmmt  Pnmt,  ftom  St  Ciolx>  Mian*. 

Figs.  237-244. 


Arcbeoojratboa  Atlaatlnw. 


Sr»  Sn,  tlasnla  prima;        L.  antttiaa;  SM>,  Beolltlnn  Ihwris; 

Wphalae  niinntna.  li<nd  n  id  tall  nlilrMi*  (X-ti,  '1X1,  DiedlOMfhSta 

(X}C)>  ^>  ^-  l<J«  ^->»i>«:  244,  (I,  GraptulitLiu  llalliaiiua. 

sota.  For  an  explanation  of  the  nature  of  Qn^toUtM,  see  boyondi  on  pago  lOflL 
Fig.  144  a  is  aa  onlargad  riew  of  a  hraaeh. 
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c  Eekimod*rm*. — SteuM  of  Crinoid«,  made  up  of  •  Mriea  of  diska,  bavo  b«ea 
tomd  tit  Ia  Grange,  MiuMote  (D.  D.  Owen).  They  wtra  probablj  Cjttid«M. 

An  impressiOtt  of  ft  Singl*  dUk  hai  ImM  obNTTWl  OB  tbo  MlldtttHlO  Ot  KOMO- 

rille,  N.Y. 

Mollosks. — «.  Brjfomoamt. — Mo  Biyoioans  are  known  of  tbia  period,  unleM 
MM  of  tb«  QraptoUtei  nwy  be  of  thU  nature.   (See  p.  190.) 

k  BrtKkiopod: — Fig.  237,  LimgHlm  prima  Conrad,  from  KceseTille,  H.f. ;  2S8» 
•un^.  from  Lake  Superior  (Teqnatnpnon  Bay),  ami  from  St.  Croix, Wis. ;  239,  L.  oh- 
|<)M  II.,  from  St.  Croix, — a  muob  larger  specimen  than  thoae  of  New  York.  Other 
tftrim  of  Ungola  have  been  deeoribed  trma  the  rooki  of  WiMeaeia  and  Caaada. 
OMmm  ApMimi:  fig.  2.10,  or  a  related  itpccies,  ocoura  near  the  mOBth  of  Blaok 
Riter  in  Iowa  (I).  I).  Owen).  OImjIih  Labntdoricu*  Billings,  is  a  !<|)ccio8  from 
tbc  north  shore  of  the  Straits  of  Belle  Isle.  OboUlla  Billings,  is  the  nuuic  of  a 
nktod  geaae  of  vUeli  two  tpeeiei  are  ftom  the  Straita  of  Belle  lele,  one  flroai 
TroT,  K.Y.,  one  from  Wi>con!«in,  and  one  (fig.  244  A)  fmrii  the  Black  Hills 
<.'{  Ditkota.  The  genoi  JJUeiua,  or  OrbitHta  (figs.  233,  234),  begins  in  tbia 
epoch,  and  a  spedaa  b  reported  bj  D.  D.  Owea  ftom  the  Wiseoaata  badib  and 


aeft«,  hgr  Bl  V.  Bhaaurd.  f^m  Tezaa.  Orthmim/iUiataa  CumtrMa  am- 
tifuata  B.,  are  other  Potsdam  specie!  of  Braohiofoda. 

«.  Ctmtkij'tr*. — None  are  known. 

d,  PttnptmU. — Fig.  244  B,  Ticca  {PuginntiUMt)  gregarea  M.  A  II.,  from  the 
■t  Eon  Moaataina,  lat  43"  N.,  long.  107*      where  they  are  erowded  togo> 

tber  in  prf.it  nunihor'^  nn  the  slab.*.  Thmt  primordinliit  II..  ffdm  Treiii|inlf':ni, 
Wiseoasin,  and  Chippewa  River.  A  Theca  baa  also  been  found  at  KccseviUc, 
I.T.  SKltvttm  rmgotn  B.,  and  S.  paleAdla  B.,  froai  the  north  ahore  of  the 
Itaita  of  Belle  Isle,  may  be  Pteropoda. 

«.  Gtuteropod: — Iin|>erffct  rpccioiens  rcscmWinp  a  Plnirotomuria  and  the 
Ofkilttn  eompacia  have  been  observed  in  Canada,  and  the  former  also  at  Kccso- 
vBK  K.Y.  A  Oaatoropod  of  the  form  of  a  Capmlm  oeeare  in  Texaa  (B.  P. 

^S^^I^^^B d: — Two  species  of  Orthoceraa  occur  in  the  Potsdam  of  Canada, 
fa  the  eppemoat  lajera,  idoag  with  great  aaaibera  of  Littgnla  mtiqma  (or  an- 
■«Mfa).  This  discovery  hy  Logaa  plaoea  the  Cephalopoda  lower  thaa  they 

were  If^fore  known  to  occur. 

<:AxtiotlIate». — a.  Worm*. — Fig.  240,  eaata  of  worm-holes  of  iiculithu»  thu  - 
mk  H.  The  Frntoidtu  1  duplex  H.  (Poater  A  Whitney's  Lake  Superior  Report, 
pL  23)  probohty  heloaga  to  another  apeelea  of  worm. 

4.  Crmlnrennt. — fl.)  Phi/lt'rj^-'f'.—  'So   PhyllopnilK  have  born    rniiinl    in  the 

Aaariean  beds,  although  they  occur  in  the  Primordial  rocks  of  Great  Britain. 
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—,•}.)  T.i'-'''it"<.^ — Fig.  241,  CoHocephnlus  mtHiiln*  Bradley,  from  KeeseTiUc, 
2<.V.:  a,  iho  hcad-shiold  or  buckler,  with  the  aide-pieces  wanting,  none  having 


•  TIm  gmm  oi  TriloUtas  an  dtotingiiiilMd  mainly  by  Um  Ibtm  aad  tuA' 

irift*  of  the  head  nml  tnil  portions  of  the  hoiiy,  and  the  eye*.  The  large  anterior 
M>(in(tfit  is  the  bead  or  buckler ;  the  posterior,  when  sbield-sbaped  and  combining 
two  or  more  segments,  the  p^gidinm.  The  middle  area  of  the  bead,  whieb  ia 
oflea  very  convex,  is  the  glabella  f  the  parts  of  the  head  either  side  of  the  gl*- 
b<<IU.  the  rhfkn  ;  a  i*utiirc  ninninj;  from  the  anterior  aide  of  the  eye  forward  OF 
outwardi  and  from  the  posterior  side  of  the  eye 
Mlward  (•  •  la  the  figure),  the  /aeral  mttwrti  » 
prominent  piece  on  the  under  (>urfacc  of  the  bead^ 
covering  the  mouth,  the  hypoatome.  The  eycR  may 
b«  rcry  large,  as  in  Dalmania  (fig.  244  C),  Pkacopt, 
and  ileffpAm  (ig.  S20),  or  soiall,  a«  in  Bomalmtatiu  ; 
or  not  nt  nil  jirojcoting,  as  in  TrnuirffH'  ffig.  .'{23); 
and  may  also  differ  in  position  in  different  genera. 

The  glabella  may  be  broader  anUriorfy,  as  In 
Pkacop;  Dalmanta,  Trtnucleu* ;  or  broader  jk>»- 
trr!'irltf.  ns  in  (^ififmrHe  (tip.  .321),  liathyuruK  (fig. 
2tllJ;  and  it  may  vary  otherwise  in  form;  or  it 
may  ba  HI  deflaed,  aa  la  Aeirfve  (Ig.  320)  aad  lUm- 
NNS  (fig,  3.13).  It  tnay  have  no  furrows  across  its 
lurfaee,  or  one  or  more  up  to  four  (or  rarely  five).  The  four  may  be  numbered, 
beginning  behind,  No.  1,  2,  3,  4  (fig.  244  C).  These  furrows  may  extend  en- 
tirely aoron^  or  be  divided  at  middle  as  Noa.  2,  3, 4  in  fig.  >44  C.  /aoisftie  (fig'. 
320)  and  lUtrnu*  (fig.  3:?3)  have  none  of  the.xc  furrows;  Triuurtfui  (fiir.  "2"^)  ha-t 
No.  1  faint  or  obsolete;  Aaujihui  (fig.  332),  Homalonotu;  and  Batk^Hmt  have 
Nob  1  entire;  DtetliowpkalMs  (fig.  242)  haa  Nob.  1  and  S entire,  aad  8  dirlded; 
OatfmeHt  (fip-^.  177.  242),  Dnlmania,  CnffHum,  Offffia,Cketrvrtu,  Prartu;  bare 
No.  1  entire  anil  2,  .1.  4  diviileil,  but  4  is  sometimes  obfolt  te.  .S'fro(fig.  261  A)  has 
No.  1  entire  and  2,  3,  4  divided,  but  there  is  a  medial  longitudinal  depression  in 
wbleb  S,  3,  4-  from  either  aide  coalesee.   In  one  gronp,  the  genu  XteJki*,  the 

pliilx  lln  li.'is,  on  cither  side,  one  or  two  longitudinal  or  obliijuc  lobes  (figs.  322, 
4W).  The  furrows,  aj)  shown  in  the  genua  Parodoxides,  correspond  to  articula- 
Uons  of  the  body.  They  are  moetly  obliterated  in  the  higher  Trilobites  where 
the  head-shidd  la  moat  eompaet,  and  are  meet  diatinet  in  the  lowest,  like  Para- 
doxiilcH,  being  a  part  of  that  general  looscne**  of  boily  tlint  marks  inferior  grade. 

The  position  of  the  facial  suture  (see  p.  154  and  •  «  in  fig.  244  C)  affords  cba- 
raetera  for  dletlngnlahlng  genera;  also  the  number  of  legmenta  of  the  body 
(in  Agno»tu«  the  number  is  very  sinnll,  and  the  head  and  pygidium  are  almost 
in  contact);  the  continuation  of  the  free  movable  segments  to  the  posterior  ex- 
tremity, or  the  union  of  the  posterior  into  a  shield  (called  the  pygidium) ;  in 
ioma  eaaea  the  breadth  of  the  middle  lobe  of  tlw  body  aa  eomparad  with  the 
lateral,  it  being  very  brond  in  lln,nrih,)ii,tu*  (fig.  410'i  ;  (be  form  of  the  foM  of 
the  shell  beneath  tbo  head  at  its  anterior  margin  ;  the  shape  of  the  hypost^ime; 
K  the  eapabttity  of  fblding  into  a  ball  by  bringing  the  abdomen  to  fha  bead,  aa  la 

Oa^fmuM,  /eertfae,  Plaeope. 


]ng.S44  0. 


Dalmanta  Uacumannl. 
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h««n  found  united  to  tho  head ;  b,  the  pjrgidium.  Other  species  of  this  Pri- 
mordial genu*  occur  in  northern  Vermont,  Labrador  (Straits  of  Uclle  Isle), 
and  TexAji.  Fig.  242,  DiveHmrphidua  Miunrtotenain  D.  D.  Owcn,  a  trilobito  six 
inches  lon^,  from  Luko  St.  Cr<)ix,  Minnesota;  fig.  21.J,  Z>.  loxtrntit,  pygidiuin, 
natural  size,  from  ne.ir  the  mouth  of  Block  River,  Iowa.    Tho  name  of  this 


Fig.  245.  Fig.  245  A. 


Panulusitin  lUrUnI  (X  Prutichnltes7-notAtns  (X^^V 


genus  \*  fr«»m  <'i«XXij,  «  «A«rr/,  and  rc^Xn,  hrml.  Fig.  245,  Pamdoridr*  Ifarlmii, 
rvduced,  from  lirnintree,  near  Boston.  J'.  \'fr>no»ttiu<t  and  P.  Thumptoni  aro 
ipecies  from  Georgia,  Vt.,  and  the  Straits  of  Belle  Isle;  the  latter  is  over  four 
inches  long.  P.  Heuitetii  is  a  large  species  from  Newfoundland.  Bathyurua 
parrHlitM  and  11.  trnectiit  B.  are  from  the  Straits  of  Belle  Iftlc.  Prltitrn  hulopifjn 
is  another  trilobito,  three  and  a  <|iiiirter  inches  long,  from  (leorgia.  Vt.  Species 
of  AyiKftntf  Arionellut,  and  Dirrllocrpknln;  besides  Conoerphaliif,  occur  in 
Texas.  .irioHrlln*?  Oterni  M.  k  \i.  is  from  the  Black  Hills,  Dakota,  and  tho 
Big  Horn  Mountains.  Porn<{nxulri  a»aph<itiiei  Kmmons,  is  a  large  species 
from  the  Taconic  slates  of  Washington  co.,  N.Y. ;  and  J/icrof/i»cM«  quntiriantnlvt 
Emmons,  a  small  trilobite,  from  Augusta  co.,  Va.,  remarkable  for  a  very  narrow 
glabella  as  long  as  the  head,  and  a  short  body.  Fig.  245  A,  section  (referred  to 
•B  p.  185)  of  a  track,  probably  of  a  largo  trilobite,  from  near  Perth,  Canada, 
<l*»eribed  by  Logan,  who  names  it  Climaetirhuitet  WiUoiii.  Fig.  245  B,  track, 
^apposed  to  be  Crustacean  (p.  185),  called  Prttticknittt  7-iiotutu§. 
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2.  Calc\ferous  Epoek. 

Tha  gnat  magBaittn  llmaalonM    thte  epoA  in  the  lllninl|ipf  rtSUy  rmnfy 

contain  «  foisil,  and  only  ft  ttm  tpMlM  ooeor  in  the  Calcifcrous  beds  of  New 
York.  Specie*  are,  howovrr.  numcrohff  in  pomo  cif  the  limestone  Inyert  Of  the 
Qaebfi«  group,  and  already  137  have  bc«n  deacribed  from  tbeM  strata. 

FrotOBOaw.  —S^nge*  t^Arduo^km  Mimgammuk  B.  ocean  ftfc  the  Mia- 
gsa  UlendSy  In  the  lower  pert  of  the  Caleiferooi. 

Radiates. — a.  Puft/p^.^So  Polyp-coml!'  have  been  found,  iinlc!!?  the  Arfhfi 
ejathtts  belongs  to  this  group.  The  genus  JStemopom  is  represented  among 
the  Canada  beda  and  at  the  MIngaa  Itlaadt,  and  a  doabtfld  coral  from  PblOfpe- 
burgh  is  referred  by  Billings  to  Tttradiuw.  Hut  both  arc  probably  genera  of 
Acaleph-coralf,  —  that  i'*,  tln'  !<tony  i>ecreti<in!<  of  Hylrnid  Acalephs  (»cc  p.  \fS2). 
The  square  form  and  four  rays  of  the  colls  of  Tetrad ium  suggest  this  reference 
for  that  genvi }  and  it  ii  required  fi>r  SteDopora  hy  the  minute  rite  .of  the  oeUs 
as  well  as  the  relation  of  the  coral*  to  the  tftbolato  FoTOBitca  and  Poeillopora. 

b.  AcaUpk: — Qraptolitos*  are  common  In  the  shales  of  this  epoch,  and  42 
Canada  species  have  been  described  by  HalL  Figs.  24G-248  represent  the 
Oraptotitkmt  Logtmi  H.  flrom  Canada,  showing  the  estttie  of  a  groap  aadthefar- 
eatlng  mode  of  hraadiing.  Thcj  are  mppoecd  hy  Ball  to  have  heen  spread 


♦The  anncx<»d  fifjiircs  illuftrnte  the  relations  of  the  Oraptoliten  to  living  spe- 
cies of  animals.  The  fossils  are  never  calcareous ;  the  texture  is  meinbraiioafl 
or  a  Uttio  homy,  and  nraally  only  faint  impressions  nre  loft  In  the  roohs.  No.  1 
reprssento  one  of  the  branehing  BiyoMoasy  tlm  JVbtanto  lsrjeale»  and  1 «  the 


Fig.  252  A. 


same  enlarged.  No.  2  ix  the  Scrthlnrta  abiftlna,  and  2  a  the  same  enlarged. 
Along  the  branches  there  are  capsules  oontaining  bulbs  for  reproduetion ;  lbs 
hnibs  pass  ont  from  the  eapsnle  when  malare.  No.  8  represents  another  apeeiee. 
tka  StrhOnria  roswssa,  and  I  a  the  same  enlarged;  S  •  has  one  of  the  hidh- 

bearing  capsules. 

.  The  prominent  distinction  in  the  eorallam  of  the  Bryosoans  and  Sertularians 
Islhat  in  the  former  the  ecUs  hare  no  iaiimal  tahnlar  oonneetien,  whilo  In  the 
latter  the  axis  of  the  stem  is  tabniar,  and  all  of  the  esUa  oommaateala  with  one 
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flvi  or«r  the  bottom  and  fixed  in  the  mad  oalj  aft  centre.  They  probably 
gitw  at  Maddanlila  daptlu.  In  fig.  246,  whieh  azhiUti  tba  Matn  tt  a  Imabh* 


FiRs.  245-252. 


iif  gioap»  M  igarad  by  Hall,  a  uambraiie  aaftM  th«  braaehaa  at  baaa;  Ht, 

a  portion  of  a  braneblet;  248,  same,  enlar;;i-<l.  Tlit<  delicate  aotoliing  along 
the  margin  i?*  imnio  by  tho  polls  «>f  th«  scvcrul  uninials  of  the  group.  Pigs.  249 
aBd2d0are  a  leal-shaped  kind,  the  type  of  the  genus  J'kifUograpttu  (the  J'.  7yj>N« 
H.).  [Fig.  S6t  la  a  ipaeiat  from  New  York,  the  O.  prittit  H.,  fron  the  ahalea  of  the 
Bl^Ma  Biver  period.]  Fig.  252  i.s  rf  <r;ir(U'<l  \<y  Hall  as  a  young  Oruptolifo.  from 
the  Canada  graptolitic  shales.  Numeroua  auob  forms  were  found  among  the 
tepmnons  of  Graptolites. 
t.  £cAi«o<ienN«.— Criaoidal  Nmaias  are  not  common.   Among  than  BilUags 

has  distinguiiihed  MMDM  itania  that  probably  bcbing  t<>  tho  genus  GlyptoeruiHM 
(•ea  fig.  339  for  a  apadac  of  thla  genua), and  a  fragment  of  tho  head  of  a  Cystid- 
•H  near  Ail—qufilw  tmuiimdiaimt  H.  of  tha  next,  or  Chaay,  apoeh.  There  are 
fragments  of  sereral  other  apeeiea. 

Molluaka. — <i.  Br  yoz'innn.  —  A  Strniiinliipom  (ft  mnss'ivo  rurnl  (••insisting  of 
thin  layers  that  arc  made  up  of  minute  cells,  a  species  of  which  is  common  in 
the  TrtBton  period)  has  been  Itrand  at  Philllpsbargh,  Canada  (BUUnga). 

Brachuipod: — The  Lingula  family  \»  no  longer  tho  most  prominent  among 
Brachiopods:  thu  Orthis  fiimily  take*  precedence.  Along  with  it  OOOOr  ipeoieS 
•f  the  Khynchonella  luuiily,  as  in  the  Potsdam. 

Hg.  vk,  OrOuB  iOrOMtmf)  gruadmon  B.  Other  Braohlopoda  are  JM^afo 
MMiaaiA  Con..  Orthin  parrot  Paader,  Camenlla  «<i/e(/«ra  B.,  a  apaelM  of 
lufttma,  and  of  Strrtpkomfna. 

e.  Comeki/ert. — The  flnt  of  thia  gronp  yet  reported  is  the  Cbnoeanifaai  BUmtn- 
fbod  at  the  M higaa  Idaadt  In  the  White  limartoaa  (p.  178),  a  shell 


mtfktt  and  wUh  the  tnbnlar  arts.  In  tha  fbsslllied  «peoiniens  It  Is  oRmi  difi. 

cult,  a«  wouM  be  inforrpd  from  tho  above  fi;;^Ir(■^'.  to  determine  whIeh  is  the 
faet;  and  benoe  tfaare  are  some  doubta  aa  to  tho  rolatiuna  of  the  QrapteUtes.  It 
i*  ^nite  psgSlMa  tkat»  whUa  most  of  tha  so-«alled  QiaptoUtaB  are  Sertalariaa 
((kit  i$,  Aaalapha),  sona  are  Biyaaoaa  (or  MoUasks). 
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related  to  Cardium,  and  belonging  to  the  divinion  of  ConchifeM  having  a  ri> 
plMul  tab*.  Thb  dMtIm,  the  BinupalHal,  wm  fiir  tew  «ea««i  l»  tha  8itariaB 

Figs.  255-260. 


Pig. 253,  OrthU  (Orthiaina?)  p^ndirvn:  -j:**,  llclicotuma  uniaiiguluta:  266,OplUkU  Irvnla: 
260,  Ilolopea  diluciilA ;  257,  2&9,  Oiihoceras  prIatlgBntini;  SR,  a  tofaillt— t  Mb  Mo, 
Lepwditia  Aana;  aoo  6,  naie,  natnral  iIm. 


than  the  integripallial,  or  that  in  whtoh  the  tube  wa«  wnntini;;  and  it  is  there- 
fore the  more  remarkable  thut  the  spcciea  fir!>t  made  known  should  have  thi? 
high  characteristic.  Mr.  Billings  remarks  that  there  are  indications  on  the 
■hdl  of  Om  •xtetaaw  of  the  alplMia  (nb  p.  157).  For  llliutratiiMM  of  tko  §•■«■» 
»ce  f5>;!'.  .t.ll  and  457. 

d.  Uutten^odM. — Many  grnera  of  Gasteropods  are  represented  in  the  Calcife- 
rou  rooks;  mad  ta  all  the  apcrtaro  of  tho  thotl  ia  without  •  book  (mo  |».  156). 
Thcao  Kc^ncra  are  In  pnrt  uf  the  Trochas  familj. 

The  fullowing  are  chnracteriitic  speoies: — Fig.  254,  Hellrntnmn  i  EnnmphnlM* 
formerly )  nniangulata  U. ;  255,  OpkiUta  leeala  V. ;  O.  eomplaHala  V. ;  O.  vom- 
pntutf  •  flno  oiMOho  tnm  CoaoJo,  oao  aad  •  Iwlf  iaohao  aenMo;  S56»  Jfofsfw 

dihiciiln  ;  Plrurntnninrin  fair!/' i  n  P..  froii)  nmr  Bcnuhnrnnis,  Canada  ;  J*.  <jrr- 
garia  B.,  from  8U  Ann's,  Canada,  extremely  abundant ;  Maelurea  matutiua  IL, 
flrom  Now  York  aad  Oaaada;  Umrekittmitt  Atom  B.  (a  long  turrotod  aholl,  ap> 
prooching  tho  Jf.  htilieincta,  fig.  306),  from  St.  Ann's,  on  the  island  of  Montreal, 
and  iilxu  the  Mingan  Islands,  in  the  White  Hmostono  and  tho  ^androck  below  : 
EceHliomphalu*  Canadtntia  B.  (a  shell  three  inches  long,  having  the  form  uf  a 
oarrod  kora  wtthoat  traairorso  paitMoas  wIlUa);  E.  intartut  B.,  a  naallar  spssla^ 

t.  Crphnlopoi{a.—Th'\s  bipho«t  tribr  uf  Mnllui-ks  is  well  represented,  though 
loss  abundantly  so  than  in  the  next  period.  The  chambered  shells  of  thoM 
•poelos  fa  this  poriod  aro  oithor  straight  or  nearly  so,  Itko  a  long,  tapering  horn, 
as  in  OrlAoceros  (whence  the  name,  from  the  Graok  4p6^>  $traigkt,  and  avot, 
Aorw) :  or  arched  or  partially  coiled,  ns  in  f,{tuitr»  ;  or  rnmjiletply  coiled,  n«  in 
IfaHtilHt.  Figs.  257,  259,  Orthoeera*  priMigcHtHm  V.,  a  species  having  the  septa 
or  partltioai  Tory  oloaoljr  erowdod ;  S58»  O.  ki^m*«amm  H.  Otbor  ipaefaa  aro  O. 
Lamari-ki Lituitft  Fnrnttrorthi  B.,  a  large  species  partially  coiled  and  aoarly  five 
inches  in  its  longer  diamoter;  L,  imprrator  B.,  a  still  larger  speoioSf  10^  inches 
across,  having  the  first  threo  wborls  coiled  in  contact.  Thoae  Lilnitos  aro  from 
tbo  apper  part  of  tbe  Calolforoaa  saadroek  of  Phillipsbargh,  Caaada  Baat.  Thtf 
nppear  to  b«  among  the  )nr;:o-<t  of  tho  Cophalopodii,  and,  aloag  with  tha  Naa> 
tilus,  the  highest  species  of  Mollusk  in  tbo  Potsdam  period. 
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ArtlCulateB — Cmttnrfnnii :  TrUobileo. — Ovor  for<_v  Aniericnn  species'  of 
Trilobite*  of  tbo  Calciforpus  cpuch  huve  been  described.  Tbojr  belong  to  tbe 
feUmrinf  fanem : — ^DlMlloMphaltta,  BathTuriM,  ArioncUiM^  M«Doeeph«li»t  Coao- 
ccph&Iu;,  Amphion,  Agnostan,  riu-iruru^,  and  A^aphus.  They  arc  for  the  most 
part  the  tamo  that  oharacterizc  the  PoUdam,  bat  tbe  genu."  Parudoxidos  is 
wanting,  Dicellocephalaa  and  Bathyuras  an  more  mUDerouB  in  spGcief,  and 
Agaarttu,  Cfaeinmu,  mad  Aampho*  sre  new  dMiUoM  to  the  tribe.  Aaspbtu 
and  rhi'iniru-  h\\\c  fbi  ir  AiUcr  development  later  in  the  Silurian. 

Fig.  201  ri  j>rescQt8  the  Uath^Hrua  HaJforJi  B.,  a  common  apccios;  a,  the  gla- 
btUa,  b,  the  pygidiosL  Some  of  the  other  species  are  A^DMtn  AaMrfeoMiis  B. 


Fig.  201. 


(Fig.  269  A  represents  a  foreign  f  {lecics  of  this  genus),  A.  Canndeunt,  DiccUoeC' 
fkahm  magnifieiu  B.,  ft  tpeeiea  ei);ht  or  nine  inches  long,  Arimdhu  tylmdrtem 

B.f  Batktf'iriiA  rnpax  B.,  Cheirunii  A/fillo  B.,  A»nphut  it/mioidet  B.,  all  ">f  which 
occur  in  the  tiucl>ee  proup.  which  has  afTiiidi-il  in  all  thirty-pix  !<pccic«  of  Trilo- 
bitea.  Pbillipsbargb,  U.K.,  and  the  Mingnn  islands  have  afforded  other  species 
«rthe  genorft  BntbTvraf,  Amphton,  AMpbos,  and  Menoeophalm. 

Ottrneoi'h. — Benidcs  Triloliitt there  are  the  earliest  of  the  hiA'nlve  CniFta- 
CMas. — rery  small  species  having  tbo  body  enclosed  in  a  bivalTO  shell  somewhat 
Hk*  •  dai>ili«n,  wImimo  tlie  name  Ottnmid,  Fig.  260,  LeperdiHa  Amtia,  flwni 
8t  Ann's.  Caanda,  lide-Tiew ;  SM  nm%  in  profile ;  S60  b,  a  group  of  tho  miim 
ia  tlM  nek,  natoral  sin. 

3.  Speciti  of  Wide  Hamjr. 

The  following  spaoiea  eontinae  from  the  Potsdam  epoch  into  the  Calclferons : 
"•^Unfafa  aetmintaOf  Opkileta  eom/meta,  Arckeoejfotkiu  MimjwituHi: 

According  to  the  late-t  invcKtij^ation-',  the  Calciferous  and  Chazy  epochf  are 
wholly  dijttinct  in  life.  Tho  Ortkuct»u$  luqueatum  (fig.  258),  referred  to  the 
Caleifimnuiy  ia  raapoetod  to  bo  oxolaaivoly  »  Cluuty  spoeiM;  the  speciaraa  ttom 
vUeh  it  vaa  daaeribad  as  Caleiforoni  was  of  unoertain  locality. 

2.  EUBOPBAX. 

Tho  Pi  iinonlial  life  of  Europe  was  (julte  similar  to  that  of  Ame- 
rica. The  I'ocks  contain  sea-weL-ds  (Fueoitls)  allied  to  Pakt'ophycus. 
The  lower  sandstones  are  penetrated  by  the  burrows  of  sea-worms 
(Soolithiu).  Omptolites  occur  in  Sweden  in  the  u^tper  slates ;  and 
the  ahells  of  Lingoln  are  in  bo  great  numbers  as  to  give  the  nune 
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of  Lingiila  flags  to  some  of  the  beds.  Trilobites  are  the  prominent 

life  of  the  period. 

Characteristic  iSju  nrs, 

Sea-weecUl. — Bcsidea  the  FucuidiH,  tbere  are  two  species  of  Oldbamia 
found  in  the  CamhriMi  rooks  of  Ireluidy— Ag.  350  A,  Oldkamia  amtiqua  ;  257 
O.  nidiaia.   Tbry  wore  supposed  by  Forhee  to  be  B170SOM,  but  ere  geneceUy 
regarded  as  Sea-ireedi  or  ComUiAes. 


Figs.  258A-SeSA. 


Fig. A.OMhuiii;)  iiiti.iiui:  2'iT  A,  0.  r.Kliiila :  j:>8  A,  Linguli  D.ivi.sii;  i-VJ  A,  A(:ni«(u>i 
Ucx;  2130  A,  OleiiUM  ukrunu;  ^1  A,  8m  hinuU  (X  VQi  202  A,  UfmmiGttit  Jtrtaikr 
ceedeCXJO. 


Radiates. — Of  Poltf^,  none;  of  Acalepki,  Uraptolitcs;  of  EehiuodemUf  m 
hw  ipeeiea  of  Orinoida  of  the  fhmOy  of  Cystids ;  occnrring  in  Bohemin. 

MoUmto. — BradkiopotU^A  few  speeiet  of  the  Lingmla  and  (HkU  fiMaily. 
Vig,  858  At  Linguta  Davitii  of  the  Lin;;ula  of  North  Wales.  ruiicA^/Vre.'— 
One  H|)eoie8  is  reported  as  occurrin:;  in  (Jrrnt  Drituin.  /Vonyoxts.— There  are  a 
number  uf  species  of  Thecti  in  iiubcmio,  Sweden,  und  England. 

▲rtioulates.— >IVi7o6i<M  an  more  nvneroaa  hii  apeeies  than  any  other 
gronp.  Over  aerenly  liave  been  found  in  ScandinaTia*  and  aeariy  thirty  in  Bo- 
hemia. The  common  genera  nre  Parnd'>T!<h»,  Afiii'>ji(ii»,  Olrmtii,  Conorepkaftu, 
Eliipwetpkalutf  and  Sao.    Fig.  AgnoutHn  Hex,  from  Skrey,  in  Bohemia; 

flg.  260  A,  Otoiiw  Mi'ervmt  Salter,  from  the  Idngala  flags  of  North  Wales;  fig. 
S61  A,  Snu  hirtula,  of  Bohemia. 

Phi/ll',],ii,lt  n]i|><«nr  fir^t  in  this  period, oocarrinf;  fossil  in  the  Primordial  rocks 
of  Great  Britain.  Fig.  262  A  is  tbe  Hgmmoeari*  rermieaudn,  from  North  Wales. 
It  is  lilce  »  shrimp  in  form,  but  Ima  no  prcijeetbig  movable  eyes,  lloveover.  In 

plaro  of  ordinary  lo^'-,  if  n  tnn-  Phyllnjxid.  it  had  folinccouj'  appcndufres,  which 
were  too  delicate  to  be  preserved  (whence  tbe  name,  from  ^oXXoy,  Uaj,  and  «v«(, 
/»»()•  The  existenee  of  sneh  Cmstaeeans  at  the  present  day,  and  the  abaeaeB 
in  the  fossila  of  fleet  and  of  pedieeUate  tjtt,  are  eridenee  that  the  apeeiea  are 
of  this  tjpe. 

in.  Igneona  Aotlon  and  Btotnrbanoas. 

Through  New  York  and  the  greater  part  of  the  West  no  evidences 

of  disturbance  have  been  observed  that  can  be  traced  to  the 
Potsdam  period.  The  rocks  are  for  the  most  part  nearly  horisontal 
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and  in  general  little  altered,  and  tlie  tilting  which  is  obsenred  ap- 

poHrs  to  have  taken  place  in  a  later  period.  These  remarks  apply 
to  the  larger  jiai  t  rif  the  Potsdam  rfK  k<  abmit  Lake  Superior.  Rut 
on  Keweenaw  P(iint,  the  famou:!>  cupper-region  of  Lake  Superior, 
the  tandatonea  of  thb  period  are  associated  with  trap,— an  igneous 
rock  that  was  ^eoted  through  fissures  opened  in  the  ewth's  crust ; 
and  these  trap  ejections  have  added  vastly  to  the  accumulation,  so 
that  in  some  places  about  Keweenaw  Poinf  tht-  alternation-  <>(" 
asndstone,  conglomerate,  and  trap  ro<.'kr>  make  a  thickness  ot  thi<  e 
9t§oaat  thoiltaild  feet.  Some  of  the  conglomerate  (according  to 
Foster  A  Whitney,  and  Owen)  seems  to  be  made  of  voloanic 
•ooria,  like  the*  tufa  of  modfrn  volcanoes,  as  if  the  ejections  were 
fuhinarine  and  the  cool  waters  had  shattered  tlie  liot  ruck  to  fra^r- 
hh  lit'  and  so  made  the  matei  ial  of  the  coiii.'loinerate  :  ami,  as  many 
of  the  nuii-ses  are  not  rounded,  these  author:^,  infer  that  it  was  piled 
iq>  rapidly  during  the  igneous  action.  Dr.  D.  D.  Owen  re  ]  >resents  the 
trap  aa  often  in  layers  alternating  with  shale  and  other  rocks,  indi- 
cating eruptions  at  different  times.  The  trap  rocks  of  Lake  Supe- 
rior present  many  scenes  f>f  basaltic  columns  of  remarkable  gran- 
deur. Some  of  tliem  are  represented  and  described  in  the  Geolo- 
gical Beport  on  Wisconsin,  Iowa,  and  Minnesota,  by  Dr.  Owen. 

The  native  copper  of  the  Lake  Superior  region  is  intimately 
connet-ted  in  origin  with  the  historj'  of  the  trap  and  sandstone. 
The  eopp.T  occurs  in  irregular  n-ins  in  both  of  thi'se  rocks  near 
theirjunction  :  and  whenever  the  trap  was  thrown  out  as  a  melted 
rock,  the  copper  probably  came  up,  having  apparently  been  derived 
from  copper-ores  in  some  inferior  Azoic  rocks  throng  which  the 
liquid  trap  passed  on  its  way  upward.  The  extent  to  which  the 
rock  and  its  cavities  are  penetrated  and  filled  with  copper  sliows 
that  the  metal  must  Ixave  been  introduced  by  some  process  before 
the  rock  had  cooled.  The  nature  of  this  process,  and  the  condiUon 
«f  the  metal  (whether  as  a  salt  or  other  compound  in  solution,  or 
in  vaptMr),  have  not  yet  been  ascertained.  One  great  sle  ot  of  copper 
which  has  been  opened  to  view  in  the  cotirse  ol  tli'-  mining  was 
forty  feet  long,  and  weighed,  by  estimate,  two  hundred  tons.  The 
copper  is  mixed  with  native  silver;  and  some  specimens  are 
^potted  white  wifli  the  more  precious  metal. 

In  addition  to  copper,  the  rocks  contain  the  usual  trap  minerals, 
— 7>eolites.  datholite,  calcite,  quartz :  and  some  calcite,  dathoUte, 
and  analcime  crj'stals  were  formed  alx>ut  threads  of  copper. 

Besides  the  disturbance  connected  with  Uie  Lake  Superior 
locks,  there  were  great  osoillations  of  level  over  the  continental 
seas,  cannng  the  ohaagea  in  the  depositions  from  sandstone  to 
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limestone  or  shale,  and  the  reyene.  These  06eiUad<»is  are  the 
Ruiijcct  of  brief  remark  in  the  next  Motion,  on  the  geography  of 
the  period. 

Oenoral  OtaMnrmtteaa. 

1.  Vortii  AoMrtoan  Oaognipby.— On  p.  136  a  map  is  given  pur^ 
porting  to  represent  the  general  outline  of  North  America  at  the 
oloso  of  the  Azoic  period.  It  i.s  there  stated  that  there  may  have 
been  other  hinds  al»ove  the  water,  especially  about  the  summits;  of 
the  Kocky  Mountains  and  the  regions  beyond*  making  islands, 
hurge  and  small,  in  the  great  continental  sea;  bat  that  the  oonti^ 
nent»  in  a  general  way  already  defined  as  to  its  ultimate  outline, 
lay  at  no  great  depth  beneath  the  surface  of  the  water.  Tlie  facts 
gathered  iVom  the  rocks  of  the  Primordial  period  throw  additional 
light  on  early  American  geography. 

(1.)  Northern  border^  the  uUerior  ioim*— We  learn  from  the  beda 
of  the  first  or  Botsdam  epoch  that  along  the  northern  border  of 
the  United  States  the  waters  were  shallow,  and  that  there  were 
beyond  doul)t  <  <>:ists  and  exposed  sand  and  mud  flats.  Tin-  rii>j>lo- 
marks,  so  common  in  the  strata  both  of  New  York,  Canada,  and  the 
West,  must  have  been  formed  either  along  a  sandy  beach  or  over 
a  shallow  bottom.  The  alternation  of  oblique  and  horiiontal 
lamination  in  many  layers  (fig.  61  e,  p.  93)  is  evidence  of  ebbing 
and  flowing  tides.  Tlie  wave-lines  show  wh-  rt-  the  waves  actually 
dushod  over  tho  snnds  of  a  roast.  The  variou.s  inclinations  of 
the  lamination  (like  lig.  01  /,  p. '>3,  drawn  from  the  Michigan  Put:»- 
dam  beds)  point  out  the  rocks  as  once  wind-drifts  of  sand  that  had 
been  decapitated  again  and  again  by  storms ;  and  the  tracks  of 
crustaceans,  as  Logan  has  observed,  as  well  as  tlic  mud-cracki, 
could  only  have  been  made  upon  land  above  th«-  l.'v.  l  of  tht^  <;ea. 
The  worm-burrows  (Scolithi)  in  the  8and-rock.s  were  made  in  tlie 
sands  near  tide-level,  or  not  far  below.  In  fact,  sandstone  itself,  as 
will  be  shown  in  a  ftiture  chapter,  is  evidence  to  the  same  purport; 
for  the  sands  an  well  as  pel>bles  of  marine  formations  are  accumu* 
lated  only  along  shores  and  within  a  narrow  range  of  soundings. 
Hence  th<'  pi<  vailing  saii<lstoiies  an<l  conglomerates  of  the  Pots- 
dam formation  indicate  tliat  lliere  were  no  deep  seas  where  those 
rocks  were  laid  down.  Thus,  from  New  York  through  Guiada* 
Michigan.  Wisconsin,  ICnnesota,  Iowa,  and  Nebraska,  to  the  Black 
Hills,  and  the  Laramie  Range  on  tlie  Rocky  Mountains,  wc  arc  en- 
abled to  run  a  line  of  soundings  for  the  Pot.s<lam  period.  Wlien  the 
layers  of  the  Potsdam  sandstone  that  now  skirt  th<'  Black  Ilills  of 
Dakota  were  forming,  the  hills  stood  above  the  sea,  and  the 
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mntcTials  of  these  layers  were  the  moving  sand  and  pebbles  of  the 

share. 

(2.)  Intentr  iatm,'--'Smtk  of  this  northern  line,  over  the  interior 
continental  basin,  whatever  Potsdam  rooks  exist  are  mostly  con- 
cealed from  view ;  so  that  we  £ul  of  direct  evidei  i  <  a  ^  to  the  depth 

in  that  region.  The  rocks  in  Texas,  however,  biur  the  same  t«'<ti- 
muny  as  these  of  the  North.  But  we  have  indirect  evidence  with 
regard  to  the  depth  of  the  interior  basin,  in  the  tavta  observed 
along  the  Appalachian  region,  its  eastern  border.  The  sandstones 
and  conglomerates  of  northern  Vermont,  Pennsylvania,  Virginia, 
and  Tennessee,  aflbrd  j)ro<>f  of  shallow  waters  and  enicr<:cd  flats 
like  those  of  New  York  ami  the  States  west.  Thi-re  are  more 
shales;  but  the  inter.stra titled  sandi^tones  still  hIiow  that  there  was 
no  deep  ocean  along  the  Appalachian  region.  Moreover,  in  Pennsyl- 
vania, Virginia,  and  Tennessee  there  are  wonn*burrows  in  the 
«and«tones,  an  in  New  York.  Thus,  we  make  otit  a  region  of  shal- 
low wat»  I  arul  exjin«icd  sands  alonsr  the  Ajipalacliian  rcf;ion.  durins 
apart  ut  lea»*t  of  the  Potsdam  eiK)ch.  If,  then,  there  were  hhallt)W 
waters  on  this  eastern  border  and  along  the  north,  we  may  feel 
eonfidrat  that  there  were  no  deep  seas  over  the  interior  basin, 
although  it  is  probable  that  tlie  waters  deepened  from  the  northeirn 
coast-linen  sontliward;  and.  as  the  Appalachians  follow  the  general 
course  of  the  existing  coast,  there  is  ground  for  full  assurance  that 
the  general  shape  of  the  ftiture  continent  was  marked  out  in  that 
early  period. 

(3.)  Eagtem  border . — On  the  eastern  border  of  the  continent,  in 
Newfoundland,  and  at  IV-lle  I-le.  there  is  similar  evidence  of  shallow 
waters  or  emerging  .'^ands.  lii'sides  the  occurrence  of  u  considerable 
thickness  of  sandstone,  the  rock  at  fielle  Isle  contains  the  borings 
of  th«  Scolithus.  There  are  also  fossils;  and  above  the  sandstone 
occur  beds  of  foasiliferous  limestone,  which  may  be  additional 
proof  that  the  seas  were  not  very  deej>. 

(4.j  Ai'}'  il'ii-hi<in  rct/iiin. — But  the  great  thi<-knes.s  of  the  deposits 
along  the  Appaluchiau  region  gives  further  evidence  that  the  future 
history  of  the  Adantic  border  was  already  foreshadowed  in  Primor- 
dial time. 

Even  the  shales  which  abound  in  these  Apjialachian  beds  are  no 
proof  of  deef)  sea.s,  as  .such  deposits  form  along  coasts  and  not  in 
the  depths  of  an  ocean.  A  few  hundred  feet,  or  a  thousand  at 
most,  are  all  the  depth  that  can  be  deemed  probable  for  the  form- 
ation of  any  ahale.  This  is  proved  by  the  facts  in  existing  seas. 
They  may  originate  in  deeper  waters ;  but  such  cases  are  exceptions. 
Moreover,  at  Georgia,  in  Vermont,  where  the  rocks  are  shales,  the 


Digitized  by  JoOOgle 


198 


PALiBOXOIO  TIME — LOWEB  SILUBIAN. 


hiV):o  Triloltitos  in<lic-ato  tliat  the  bods  nro  ratlior  the  accumulations 
ol  slii'ltortHl  bays  than  nl  deejjcr  ofl^hore  waters.  The  l"o*»fils  of 
Swuntoii,  Vermont,  suggest  the  same  conclusion.  The  interca- 
lated sancUtonea  and  oonglomerates,  and  even  the  limestones 
of  the  Queljoc  group.  Taconic  rocks,  aod  the  rriniordial  series  in 
oth«'r  i)art'<  of  tlie  AppaUiehiaiis,  n  quive.  for  <m(  li,  moderate  deptha 
at  intervals,  in  tlie  jirnurix-^  r>f  the  ^Meat  formation. 

But,  taking  the  luct.s  as  allowing  of  even  a  thousand  feet  of  depth 
for  the  di'position  of  a  large  part  of  the  shales  (instead  of  the  one 
to  four  or  five  hundred  feet  which  we  deem  more  probable),  there 
are  still  neveral  multiples  of  this  thickness  to  account  for  along  this 
Appalachian  legion.  The  facts,  thert  fore,  sliow  that  tliis  border 
portion  of  the  continent  must  have  been  subject  to  great  oscilla- 
tions, resulting  in  a  subsidence  nearly  equal  to  tlie  thickness  of  the 
deposit.  The  oscillations  were  such  as  would  produce  the  altema> 
tiouH  of  rook  in  the  series,  bringing  the  land  near  or  to  the  surface 
for  the  iirctinndations  of  sandstones  an<l  <'onglf>merates,  and  de- 
]>ressing  it  again  somewhat  for  the  siiah  s.  These  w«'re  early  move- 
ments in  that  system  of  change  which  resulted  in  the  evolution  of 
the  Appalachian  chain. 

The  transition  from  the  region  of  these  oscillations  to  the  interior 
basin  is  singularly  abrupt,  as  shown  by  the  wonderful  contrast  in 
the  thickness  of  tlie  strata.  This  contrast  has  been  made  still 
stronger  in  later  time  by  the  foldings  and  disturbances  along  the 
Appalachians.  The  boundary  between  the  two  is  the  course  of  a 
series  of  great  litiults  in  the  strata*— ^ts  has  been  pointed  out  by 
different  geologists. — which  follows  the  general  direction  of  the 
A]>pnlnchian  chain.  Directly  on  its  course  aic  the  water?!  of  the 
Hudson  and  Lake  Cliainplain.  From  the  north  extremity  of 
Lake  Champlain,  as  Logan  has  mentioned,  the  lino  stretchers  north 
to  Quebec,  on  the  St.  Lawrence,  thence  follows  the  river,  and, 
finally,  bends  around  to  Qaspe  on  the  Gulf  of  St.  Lawrence.  In 
consequence  of  the  faulting,  the  rocks  of  the  Potsdam  period  on 
the  eiust  side  were  rais<'d  several  thousinid  feet  above  tlie  level 
of  those  on  the  west.  The  existence  of  this  line  of  faults  was 
predetermined  in  the  cedllatlonB;  but  when  it  was  made  is  not 
ascertained.  It  was  natural  that  the  oscillation  of  the  unstable 
border  of  the  continent  against  the  more  stable  interior  should 
sooner  or  later  have  en<led  in  such  a  catastrophe. 

(5.)  (  '/iniujr  of  roudltion  bi'tu'tcn  the  Putsdain  ohil  ('alnfcnms  rpnchs.—' 
In  passing  from  the  Potsdam  to  the  Calciferous  epoch,  there  was 
a  change  in  the  condition  of  the  continental  seas,  so  that  the  rocks 
afterwards  made  were  to  a  considerable  extent  limestone:  it  is 


Digitized  by  Google 


POTSDAM  PKlllOD. 


199 


probablf'  that  tills  fluinirf  eonsist»Ml  in  a  dooponing  of  the  waters 
thrnu::}i  -ul)-i*lr"n('t\  In  the  T'ct^tlain  oj)orh  tln«  continent,  wlien 
the  rocks  were  loriaing,  lay  for  the  most  luul  near  the  watfr's 
level,  wwhcd  by  the  ocean's  tides, — a  condition  favorable  for  the 
acmmiilatioii  of  san^  deposits.  In  such  a  cjwe  the  waters  would 
be  too  impure  from  disturbed  sediment  for  the  formation  of  lime* 
f!tone.  SikOi  nn  amount  of  suhsidenee  \va^  then  foro  re«jnii'e'l  as 
wouM  jiive  (  h  nr  and  j>ure  waters. — ju-rhaps  not  ni'>r<'  than  a  liun- 
dred  feet;  lor  tiic  hmestone  of  the  coral  island.s  i.s  all  mad.-  within 
that  depth.  Moreover,  the  altemationB  of  sandy  strata  with  lime- 
stone, so  marked  in  Missouri,  imply  several  owillations  of  level 
over  the  interir>r  hasln  during  the  CalciferouH  epoeli.  Th<'se  oscil- 
lations are  also  i>i(lie.it>'d  l»y  tlie  surrrs-iion  of  strata  in  the  (^uehec 
group  and  in  other  parts  of  the  Appuhudiian  region.  To  the  ea.st, 
at  the  Mingan  Islands,  there  were  sandstoDe  deposits  in  the  earlier 
part  of  the  Galciferous  epoch,  but  others  of  limestone  before  its 
close. 

iC>A  I^ihr  S>iprrior  S<in'/.<tfr»tr  }h-iI<!  uml  Trt<p  rorl-.^.—  Yhf'  <l<'j>o«its  of 
the  Potsfhim  period  in  tlie  vicinity  of  Lake  Suj><  lior  <iill".  r  from 
Others  of  the  interior  ha.sin  in  their  great  thickness  i  p.  I '.».'>);  lait  they 
are  also  peculiar  in  their  connection  with  the  eru]>tion  of  igneotv* 
rockfi.  The  evidences  of  igneous  eruption  are  very  numerous  on 
both  the  north  and  south  shores  of  thelake :  and  Nle  U  yal,  stand- 
ing in  tlie  Iftke.  ahoutids  in  trap  roeks  of  this  j>erio<|.  Su«h  a 
region  of  tire.s  might  naturally  be  one  of  exten.sive  subsidence, — no 
uncommon  phenomenon  in  volcanic  countries.  Thia  would  give 
an  opportunity  for  tho  formation  of  thick  deposits ;  while  if  the 
watei-H  had  been  permanently  shallow  the  marine  formations  nmst 
have  h('(»n  thin,  as  th«*y  are  in  the  pcninsuhi  of  >ri.  higan  ;  f->r 
tliey  could  not  have  much  excee<lcd  the  depth  of  the  waters.  This 
region  of  Lako  Superior  and  the  other  great  lakes  lies  directly 
•gainst  the  Aioic ;  that  is,  it  is  between  the  region  of  progress  on  the 
Kotith.  which  waa  undergoing  fretpiont  changes  of  level  through  the 
Silurian  ages,  and  the  more  stable  Azoic  of  the  north.  Here  the 
w-ries  of  depressions  were  formeil  which  are  now  the  lakes  :  and 
those  igneoiu  eruptions  through  the  fractured  crust  of  the  earth 
seem  to  have  been  an  incident  in  the  subeidenee  that  was  producing 
the  baain  for  the  largest  of  all  the  lakes,  Lake  Superior*.  Lake 
Champlain  also  lies  along  tho  borders  of  the  Axoic,  and  has  the 
Silurian  "f  Xew  KiiLrhmd  on  its  opposite  side. 

The  thick  sandstones,  conglomerates,  and  shales  of  the  lluroniun 
series  occur  in  this  same  lake-region,  and  seem  to  show  that  the 
fint  commencement  of  the  lake-history  dates  as  fast  back  at  least 
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M  th«  Huroniaii  peiiod  in  ihe  Aioie.  The  depreiricm  maj  not 
hMve  begun  at  that  time ;  but  the  subsidence  attending  the  fomuip 
tton  of  the  thick  deposits  wa.s  an  curly  one  in  the  series  that  ended 

in  giving  tlu*  main  frntnr»'«!  to  llie  jii-cMent  lake-region. 

(7.)  AfJftiifir  nirri  'its. — From  tho  map,  p.  \^y,  it  is  apparent  that 
the  northern  oceanic  current  of  tijo  Atlantic  would  have  traversed 
New  EngUmd,  New  York,  and  the  AppaUcfiian  region  to  the  south- 
west, while  the  wanner  Gulf  Stream  would  in  j)art  followed  its 
present  course  and  ]iartly  have  flowr  d  over  the  Gulf  of  Mexico  and 
up  the  intt'rior  sea  of  the  <  '>ntinont. 

2.  Origin  of  the  material  of  the  rocks. — (1.)  i^kmdstones,  skaUSf 
and  ewgbmeratet, — The  Aaoic  age  had  left  the  euih  with  a  enrfitoe 
of  rock  more  or  less  covered  with  gravel  and  sand  both  above  and 
below  the  water.  The  waves,  running  streams,  and  slow  wear  and 
deoomjiosition  thrnngli  atmospheric  causes,  were  working  out  their 
legitinjatc  results  during  the  closing  part  of  the  age,  jis  well  as 
earlier  when  the  Azoic  rocks  themselves  were  accumulating.  The 
surface  could  not  have  failed  to  be  extensively  spread  with  earth, 
and,  at  the  opening  of  the  new  age,  this  earth  or  gravel  would  have 
made  the  sand-flats  and  higlier  fields  that  were  exposed  over  the 
half-sul>merir»'d  eoiitincnt,  as  well  as  the  bottom  of  the  seas. 

From  thin  material  and  the  acceM-sions  derived  through  subse^ 
quent  wear  and  decomposition,  aU  the  Potsdam  beds  and  all  later 
rocks  of  mechanical  ori^n  (exclusive  of  limestones)  have  to  a  great 
extent  been  made.  Thi.s  matwial  has  been  worked  over  again  and 
n<r.iiii.  the  acctimulations  of  one  age  being  in  part  distributed  anew 
to  make  tlie  rocks  of  a  later;  and  by  this  means  the  geoloiriral 
series,  with  the  exception  »tutod,  has  V)een  in  the  main  built  up. 
The  rocks  of  igneous  origin  have  added  to  the  stock  only  an  in- 
considerable  proportion  of  the  whole  amount,  and  those  of  oh^ 
mieal  origin  a  much  smaller  fraction. 

Tlie  b«'ds  of  sandstones,  sliales,  and  conglomerate  of  the  Totsdam 
period,  we  thu.s  conclude,  derived  their  material  from  the  sand- 
flats,  from  the  higher  gravel-fields  which  the  encroaching  waves 
and  running  waters  would  level  and  cany  off,  and  from  the  rocky 
Aioic  hiUs  and  mountains  ihwi  were  subject  to  degradation  by 
streams  and  decomposition.  In  an  age  without  land-vegetation  to 
bind  the  soil,  the  degrading-proce.ss  would  have  been  more  com- 
plete than  at  the  present  time.  These  materials  were  spread  out 
in  layers  by  the  waves  and  currents  over  the  oontinentai  re^ona; 
and  the  animals,  which  had  a  living>place  in  the  mud  or  sand, 
found  there  a  burial-place  also,  to  remain  in  many  instances  as 
fossils,  in  attestation  of  the  life  of  the  period. 
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f*2.)  Limestones. — The  limestones  of  th<'  Silurian  and  later  npes 
have  nearly  all  been  mode  through  the  wear  and  uecumulution  of 
•hells,  crinoids,  and  oorala,  or  the  ctilcareotit  relics  of  whatever  life 
occupied  the  sees.  The  great  limestone  formations  of  existing  ooral 
Mas  are  modern  examples  of  the  proress. 

Among  the  hed-sof  the  Potsdam  j»eriod,  the  magnesiaii  liiiiostone 
strata  of  the  Quebec  group  contain  numerous  fossils,  and  thus  show 
that  they  are  marine,  and  that  they  have  the  origin  above  men- 
tioned.  The  extensive  magnesian  limestones  of  the  Missisaipin 
Tall«  \  havf  the  <ame  composition,  anrl  are  nimiiar  in  compactness: 
snd  the  natural  inference  is  tliat  tin  y  wnv  also  of  organic  origin. 
But  over  ext^'nsivo  regions  thuy  do  not  contain  a  single  fossil.  Yet 
it  is  to  be  remembwed  that  the  sea  which  grinds  pebbles  and 
and  and  makes  fine  sandst<mes  may  also  grind  shells  and  make  an 
impalpable  limestone.  This  is  abundantly  >  \<  inplified  in  coral- 
fCfjons  ;  for  a  largo  j»art  of  the  liiiK'^toin-  tliore  made  of  corals  and 
shells  is  ns  compact  and  unfossihioruus  as  the  magnesian  limestone 
iB<|instion. 

llie  only  other  mode  of  ori^n  is  by  chemical  deposition.  This 
could  not  have  tiiken  ]>la(-e  in  the  open  seas;  for,  owing  to  the 

oceanic  currents,  tin'  waters  have  a  nunarkable  uniformity  f»r  com- 
jHwition,  and  no  local  depositions  can  take  place.  It  retjuires,  there- 
fore, an  elevation  above  the  sea,  and  the  existence  of  calcareous 
mineral  springs,— «nd  springs  on  a  wonderfully  vast  scale,  for  a 
ibmuttion  as  extensive  as  the  one  in  question.  Such  a  condition 
of  tilings  is  improbable,  ^foreover,  the  depositions  woulil  liave  a 
stnirture  wholly  unlike  that  of  the  magufsiati  liiii«-^ti inc.  Who- 
ever has  seen  the  travertine  bctls  of  Tivoli — which  are  the  largest 
ef  the  chemical  calcareous  deposits  formed  in  the  present  enip— will 
appreciate  the  wide  distinction  between  •  mass  made  up  of  a  series 
of  incrustations  curving  with  all  sorts  of  fantastic  irregularities, 
and  the  dense,  even-grained  liujestone  of  the  ralcifero\js  epoch. 
The  oolitic  structure  of  part  of  this  limestone  has  a  parallel  in  the 
oolitic  ooral  rode  <tf  Key  West,  which  is  also  without  imbedded 
corals  or  shells. 

It  is  not  impossible  that  the  strata  may  have  hvpn  made  of 
microscopic  organisms :  tin' shells  of  Rhizopods,  whieh  liave  con- 
tributed .so  largely  to  chalk  (though  not  commonly  di-stinguishable 
in  the  mass),  have  been  detected  in  the  Lower  Silurian  of  Russia, 
m**green<oand''  like  that  of  the  Potadam  period  (pages  174  and 
176).  and  abundantly  in  the  green-«and"  of  the  Cretaceous  forma- 
tion ;  so  that  the  existen<  o  of  this  material  leads  the  geologist  to 
suspect  at  once  tliat  of  the  lilmopods. 
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Another  supposition  is  this:  that  the  continent  may  have  had  its 
holders  so  niist'd  that  the  interior  was  a  salt-water  s(;a,  shut  otl'lVom 
the  cK'fiin,  and  hore  the  waters — more  calc.ireoiis  in  that  period 
than  now — deposited  the  liuie.stone ;  and  thai  new  iiccesiiions  of 
calcareous  material  might  have  been  received  either  through  oocar 
sional  inounions  of  the  ocean,  or  through  streams  flowing  from  the 
land.  A  rock  thus  made,  supjxising  the  method  possil)le,  might  be 
mueli  like  the  Sihirian  limestone  in  coni]>artne>s  and  texture. 

3.  Climate. — No  marked  difference  between  the  lite  of  the  Pri- 
mordial rocks  in  warm  and  cold  l^tudes  haa  been  obsenred;  and 
there  is  wanting,  therefore,  all  evidence  of  a  diversity  of  climate 
and  of  oceanic  totnjierature  over  the  earth'(«  surfare.  With  a  warm 
and  «>riual>l<>  elitnate,  the  atmosphere  would  have  Leen  moist  and 
the  skies  niuch  clouded,  l)Ut  sfoi  iiis  wmiM  have  heen  less  frecpient 
or  violent  than  now.  The  eyes  of  the  Ti  ilobite,  as  Bucklund  ob- 
■erves,  indicate  that  there  was  the  foil  light  of  day,  and  therefore 
that  sunshine  alternated  with  the  clouds  as  now. 

4.  Life. — (a.)  Grades  of  life. — ^Tho  system  of  life  began  (1)  with 
marine  sjieries;  (2)  with  species  of  three  sub-kin;rdoms.  tliose 
of  Railiate^^,  Mollusks,  and  Articuhites;  but  (3)  with  the  inferior 
spedes  in  each:  the  Sertularids  being  the  lower  Acalephs ;  Grinot<b 
the  lower  Kohinoderms;  Brachiopods  the  lower  Mollusks:  and 
Lingnia  and  Orthis  among  the  lower  Brachiopods;  Gosteropods 
( e<)  with  an  entire  a])ertnre  to  the  shell,  the  lower  of  Gastero- 
pinlan  Mollusks;  Orthoeerata.  or  the  straight->lielled  Cephalojiods 
with  plain  septa,  the  lower  of  Cephalopodan  Mollusks ;  marine 
worms,  the  inferior  group  of  Articulates;  Trilobites,  Pliyllopods, 
and  Oyprids  among  the  lower  of  Crustaceans ;  and  Paradoxides  and 
the  n.ssociated  genera  of  Trilobites  among  tlie  lowest  of  the  group 
of  Trilol'ites.  N(me  of  the  genera  of  ornamented  motlern  stM-sliell«i 
have  been  observed,  and  none  of  those  liaving  a  leaked  aperture 
to  the  steU ;  no  land  or  fresh-water  shells ;  no  shrimps,  lobsters,  or 
crabs  (Maerourans  or  Brachyurans) ;  no  insects ;  no  relics  of  fishes, 
re])tiles.  or  mammals. 

While,  however,  the  species  were  inferior  species  in  the  tribes 
repre-^.  iiti  d.  they  were  not  necessarily  the  very  lowest.  For  Polyps 
are,  as  a  elass,  the  l«)west  of  Radiates,  and  yet  it  is  not  certain  that 
any  Folyp-conds  were  in  the  Primordial  fauna, — ^none  being  re> 
ported  from  the  European  Primordial  period,  and  those  so  called 
found  in  the  American  rocks  being  probably  Sjionges.  Trilobites, 
although  belonging  to  the  inferior  of  the  grand  <livisions  of  (Crusta- 
ceans, the  Entomostracans,  stand  at  the  head  of  that  division,  if 
not  intermediate  between  them  and  the  Tetradecapods,  the  next 
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higher  group.  The  Phyllopods  are  other  Entomostracans,  and 
in  <onio  rospocts  tlifv  ronstituto  n  trroiiji  of  high  griuh^.  liaviiig 
aliinitie^  with  the  Mucruuruuit  as  ^hou  u  in  the  general  form  of  the 
•pedes.  The  Trilobites  and  PhyllopixU  are  examples  of  ampre- 
kattttt  types  {^putAgHe  of  Agassis), — types  comprehending,  along 
withth^Oirn  charaotfristics,  some  of  those  of  other  tribes  which 
wfro  yet  Tinrreatod.  hut  which  were  to  exist  in  the  future  unfold> 
ing  of  the  ^yhtem  of  life. 

As  &r  as  has  been  deciphered  in  the  history  of  the  Primordial 
pmod,  there  was  no  green  herbage  over  the  exposed  hills ;  and  no 
•ouihIs  were  in  the  air  save  those  of  lifeless  nataire»>-the  moving 
waters,  the  tempest,  and  the  eartlKjuake. 

(6.)  Kxtt-rminatiom. — The  life  of  the  Potsdam  period  changed 
mnch  during  it8  course,  and  at  one  time— the  clo^e  of  the  first 
epoch— there  was  nearly  a  complete  extermination  of  the  species, 
requiring  a  rcpeopling  of  the  seas  for  the  succeeding  epoch.  Two 
or  thrtM^  ■ipppj.-i.  including  a  J/uigula,  exist,  hut  the  others  do  not 
rc^i'pear.  Aintmg  the  Trilobites.  the  genus  Para<loxide.«.  some  of 
whose  species  were  the  largest  of  known  Crustacean.",  became  en- 
tirdy  extinct ;  most  of  the  other  genera  remained,  but  were  repre- 
sented by  new  species. 

At  the  end  of  tiie  Cjil<Mft>rou«i  epoch  there  wa<<  a  second  exter- 
mination, obliterating  wholly  tlie  life  of  the  Primordial  ]>eriod. 
.Some  species  had  di^^appeared  before  in  the  progress  of  the  epoch, 
for  these  destructions  were  not  confined  to  the  grander  transitions 
in  the  strata ;  and  there  had  also  been  new  additions  to  the  spedes 
St  interval.^,  judging  from  the  succesjiions  in  the  (Jm^bec  rocks, 
Thesf  fxtonninations  and  creations  in  tlie  progress  of  a  period,  and 
more  general  exterminations  and  creations  at  the  end  of  an  epoch 
or  period,  wwe  a  common  feature  throughout  the  earth's  ^olo- 
gieal  progress. 

5.  Reality  of  the  Primordial  or  Foladam  period  in  America,  and 

its  equivalency  with  the  European.— Tlu-  fac  t  that  the  Potsdam 
and  Caleiferous  epochs  constitute  together  one  jieriod  in  the  history 
is  shown  by  the  transitioos  of  the  strata,  and  more  especially  by 
the  resemblances  between  the  two  in  living  species.  This  has 
become  more  apparent  Hinee  the  recent  discoveries  in  theCbmadian 
geological  survey  under  Sir  William  Logan.  The  ty|i<'s  of  life  of  a 
perio4^1  are  of  two  cla.<se.H :  those  of  one  class  are  cliaractrri>tic  of 
the  period,  and  have  their  fullest  exhibition  in  its  coui'se ;  the  others 
look  onward  to  a  ftiller  expression  in  some  part  of  future  time. 
The  genera  of  Oastero]>od!4  and  Cephalopoda  are  of  the  latter  kind ; 
for  Plaantomanot  Madurea,  OrtAoeenu,  and  other  genera  of  these  tribes 
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have  only  their  beginning  here;  they  huve  ii  much  larger  repre- 
scutAtion  in  species  during  later  periods.  But  the  genera  of  Trilo* 
bites  are  in  a  large  degree  peculiar  to  the  Primordial.  Paradoridei, 

PfUura,  JXeellocephahs,  Mcmtcephalus,  Arlniiil'us,  C >f<u; ph.tfHs,  have 
their  whole  existence  in  tlio  Potsdam  pi'i  i-nl.  'I'lic  fii>t  two  are 
eminently  Primordial  in  character.  The  others  approximate  more 
to  genera  of  the  next  period. 

The  correctness  of  uniting  Uie  Potsdam  and  Galciferous  epooha 
in  one  period  is  apparent  in  the  number  of  these  Primor<liul  u-  nera 
of  TriloV)ites  which  the  two  epochs  have  in  common.  Paradox ide?? 
and  Peltura  are  alone  in  being  confined  to  the  first  e|K>ch.  The 
others  mentioned  have  species  in  both,  and  there  are  quite  a 
number  of  CUdfatMis  q>ecies  of  Dioellooephalua,  Bathyurus,  and 
Gonoeephaltts. 

The  iviuivalency  or  vi,  lir  iiism  of  the  European  and  American 
Prinioi  'liid  jM'i  io*!  islookt  il  Ivu  ,  not  in  the  sameness  of  specie^, — for 
none  ari'  known  to  be  common  to  tlie  two  continental,  although  one 
or  two  are  so  suspected, — ^but  in  an  identity  in  a  prominent  part  of 
^e  genera.  In  accordance  with  this,  we  find  the  life  of  the  world 
on  both  sides  of  the  Atlantic  commencing  witli  species  of  Lingular 
Ol)olus,  Orthis.  Tlieca,  Scolithus,  and  the  Trilobites,  Paradoxide8» 
Peltura,  < 'onocejdiahis,  Aiionellus,  Agnostus.  and  others. 

Hut,  while  a  general  equivalency  is  apparent,  there  are  marked 
peculiarities,  which  are  brought  out  especially  in  the  later  part  of 
the  Americui  FHmordial.  There  are  Oasteropods  (Pleorotomarise) 
and  Cephalopods  i  h  thocerata)  even  in  the  earlier  epoch  of  the 
American  Primordial,  wliile  no  Bpecies  of  either  pron]>  have  been 
reported  from  any  part  of  lite  Euro|>ean ;  and  in  the  lat4>r  Ame- 
rican epoch,  Qasteropods  and  Cephalopods  are  represented  by  many 
species  of  several  genera.  From  this  great  disorepanqr  it  is  natural 
to  conclude  that  the  American  Primordial  period  was  continued  cm 
in  time  beyond  the  European. 

TIr-  Calcifcroua  formation  hat  sa  exnot  representative  in  Orc«t  Britain 
in  the  Sutherland  limestone  of  the  Northwestern  Highlands,  amon^  wboM 
foMila  are  spcciea  of  OpkiUta  and  others  eharaeteriiftic  of  the  beda.  The  Calci- 
frrons  beds  of  America  are  aoparatod  by  sobm  gwdogiits  abroad  ftoai  tfM 
Priinonlial  or  Potodssi  psfiod;  bnlyss  aitpeazs  aboTt^  lUs  is  not  isstsiDad  by 
inrc»tigation. 

Should  H  bo  propoied  to  divide  tbe  beds  differentlj,  and  tranifar  the  DiesHs- 

riphithiK  ftnitii  of  the  I'pper  Mi«gliri|lpi  f"  thp  Calciferout<,  in  order  to  remoTe 
tlu>«e  Trilobiti'fi  from  tho  PotJidnin, — or  to  (ranr<f<>r  the  hnrrr  limpffono  -if  the 
Quebec  K^'iup  to  the  Poti>dam,  »o  a«  to  placo  all  the  Ificelloctphali  in  the  latter 
(wbieh  woald  thos  be  done),— objeotioas  wovM  be  eqnaUy  eneomitered.  (1.)  No 
break  In  tbs  strata  sustains  sodi  a  ooorse}  (S.)  Tlw  Ci^oifaMWs  and  Potsdaa 
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opwhs  we  ttill  united  by  having  several  species  in  common,  while  no  rnlcifc- 
nm  fpedM  pan  into  the  Cbasy ;  (3.)  The  geaus  CoHocfphalu§,  Primordial  in 
Bnvpi^  if  vdl  wyiwiBatod  in  OtMtuwu}  (4.)  <lsiteiopod«  and  Cephalo- 
pod*,  aot  Primordial  in  Earopa^  are  not  by  theae  meani  remoTod  fh>m  tba 
PotodaBL 

* 

2.  TBENTON  PERIOD  (3). 

fipoohs. —  1.  Cqazt  (3  </).  or  «  ).o,  li  of  the  riiazy  limestone. 
2.  Trenton  (3  h),  or  epoch  of  the  £irdaeye,  Black  River,  and 
Trenton  ltmei»tone3. 

I.  Rookn:  Undn  and  diatxlbatloii. 

1.  AnaicAN. 

The  Trenton  period  was  charactorizod  by  a  profusion  of  Brarhio- 
poi^-.  Trilobitos,  and  ( )rthn<M'rutu,  and  by  tlic  making  of  linn'stono 
strata,  ulinost  of  continentul  extent,  out  of  tiie  shells  and  other 
calcareous  relics  of  the  living  species.  The  rooks  extend  over  a 
Urge  part  of  the  continent  east  of  the  Mississippi,  and  beyond  to- 
Wardji  the  Rocky  Mountains. 

Tl:r  <'bazy  limestone  (3  a),  or  that  of  the  Chnzy  eiutch,  is  so 
nanii'd  from  the  town  of  C'huzy,  in  Clinton  co.,  N.Y.,  on  i\n^  west 
tide  of  Lake  Champlam,  where  the  formation  occurs.  The  rock  is 
mostly  a  gra]rish  limestone,  and  the  fosnls  are  remarkable  for  being, 
with  ft-w  exeejitions,  quite  small. 

Tin- Trenton  limcstoii.-  (:]  /.)  d*»rives  its  name  from  the  well-known 
locality  of  the  ro<  k  alouir  the  gorge  at  Trenton  Falls  in  rential  New 
York.  The  ix>ck  is  gray  to  black  in  t-olor,  tht!  dark  colors  predo- 
ninating  in  New  York,  and  the  grayish  in  the  West. 

The  thickness  of  the  whole  series  in  northern  New  York  and 
Canacia,  towards  the  A/')ie,  where  probably  lay  the  ocean's  border, 
is  p'-nendly  from  b'O  lo  ;'.<'<)  feet;  yet  in  the  region  of  Ottawa — a 
great  JSt.  Lawrence  liay  in  the  earlier  Silurian  era  (see  map  p.  170,) 
-4t  is  about  800  feet.  West  of  the  Appalachians  tiie  thiekness 
aretages  about  300  feet.  Along  the  Appalachian  region,  in  Fenn- 
•yhrania,  it  is  from  300  to  500  feet. 

1.  Cbazy  epooh. — (a.)  Interior  Contimtntal  iaata. — ^The  Chasy  limestone 
Mterops  at  diflereat  plaeei  in  northern  New  Tork,  la  <1m  Tioiaity  of  tha  Asoie 

(though  not  nlonp  it-'  mnr<-  si.ufliom  Viordfr) :  a!''tin  Cnnn<Iu,  nronnd  tba  Trenton 
Unwftone  of  the  Ottawa  basin,  and  from  the  bead  of  Lake  Ontario  WMtward 
Laka  Buon.  TIm  thieknees  in  some  parts  of  Wew  Tork  is  100  to  ISO  feet 
Oocajiionally  It  gradnatoa  into  the  next  rock  bcluw,  the  Calciforou.n  tian<Iruck,  so 
that  the  two  are  wpnrntcd  with  (liffn  ulty.  In  tlio  rc^rien  cf  tin-  T'|>|nr  Mi-.-^i!<- 
lippi,  in  Wiaoonain,  Minnesota,  aud  Iowa,  there  in  a  eandstono  called  by  Owen 
8t  PMcr's  sandstone,  from  a  loeality  at  the  month  of  8t  Petar's  Rivor.  It 
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«T«rUes  the  Calcifcruus,  and  underlies  tbo  Tronton :  its  relation  to  the  Chaxjr, 
beyoad  thi»  of  poaition,  hu  not  yet  been  determined. 
The  Chasy  limestone  hun  litn-n  Htated  to  ooovr  In  NoiUieni  AflMrioBy  in  this 

Winnipeg  region,  weft  of  the  Az<»ie. 

(6.)  Appaiachian  reijion. — The  Chazy  has  not  been  recognized  along  any 
portioD  of  Ihe  Green  Honnteine.  It  la  luppoeed  to  bo  repreaented  in  tho  vpper 
port  of  the  Qnehec  groap-    In  Ponn^lTSnia,  there  is  u  magnesiaa  UaottOO** 

MOO  to  6000  feet  thick  in  some  places,  corresponding  to  tho  Trenton  period, 
OMording  to  H.  D.  Kogcrs ;  but  what  part  is  Chaxj  is  not  yet  ascertained, 
(e.)  Battem  bordtr. — ^A  limeatone  of  tho  Cluay  opoeh  oomm  at  tlM  Mingna 

Island.*,  in  tho  (lulf  of  St.  Lawrence. 

(d.)  Aixtic  rejfioH. — Limestone  strata,  containing  Chasy  fossils,  have  been  ob- 
Mired  in  tho  Aretie,  on  King  WUIiaai'a  Idand,  Korth  Deron,  and  at  Depot 

Bay  in  BellotV  Strait  (lat.  72°,  long.  94°).  Tho  species  Orthocrmn  monili/'ii  me 
Ilnll.aml  ii  Muclurea  {M.  Aniira  TTati^liton )  ticn r  .Yf.  mapNO^ have  boea  obsenrod. 
The  limestone  ia  in  part  a  cream-colurcd  dolomite. 

2.  Trenton  epooh.— (■).  interior  OmtintHlat  btnin. — In  New  Toric  and 
Canada,  the  Trenton  limestone  directly  overlies  the  Cluiny.  The  lower  part  in 
New  York  is  made  up  of  tho  Birdseyo  and  Black  River  limei'tones  (the  latter 
the  upper) ;  and  those  same  subdivisions  have  been  distinguished  in  much  of  the 
MiwiRrippI  basin. 

The  Biril=oyc  limctonc  is  so  rnlled  from  whitish  crystalline  points  or  spots 
diBtriboted  through  iL  This  peculiarity,  however,  ia  not  always  present,  and 
in  other  limestones.  Tbo  oolor  is  drab  or  doro-oolored  and  browntah, 
and  not  80  dark  as  that  of  the  overlying  IhmIh. 

The  Black  River  liniestono  is  namc<i  from  Black  River,  east  of  Lake  Ontario, 
in  New  Yorlc,  along  which  there  are  the  bobt  exposures  of  it.  The  color  is 
gonenll  J  dark,  OMudy  Uaok. 

The  Trenton  limostono  in  New  York  is  grayish-black  to  black.  It  is  some- 
times bituminous,  ei«peclaHy  in  its  upper  portions.  Its  layers  are  often  thin,  an-l 
frequently  argillaceous,  and  beds  of  shale  in  many  places  intervene.  The  black 
color  is  dno  to  oarbon  or  bitmnon,  as  is  shown  hy  its  bnming  white. 

The  Trcntnn  linic-tonc  hn«  hcvn  rerufrni/ofl  in  (he  Winnijic^  rc;:iiin  in  British 
America,  as  well  as  over  much  of  the  Mi»si!f<'i|)pi  basin.  The  Galena  or  lead- 
hoarlng  limostono  of  Wisconsin  and  tho  adjoining  States  in  fho  West  eonstitntos 
tho  upper  portion  of  the  Tftnton  seriei^  and  often  alternates  with  lajers  of  tho 
Trenton  linie«tone. 

The  rock,  though  generally  common  limestone,  sometimes  includes  layers  of 
nafpiosiaa  limestone ;  and  tho  Galena  bods  are  generally  magneslan.  (See  ana- 
lysis on  p.  84.) 

Tho  thickness  in  New  York  seldom  exceeds  .100  feet.  At  Montreal  it  is  600 
feet  (Logan) ;  on  the  Mnnitoulin  Islands,  in  the  Su  Lawrence,  not  over  300  feet; 
in  fho  Bfiohigaa  peninsula,  ahont  32  (bet  (Winohell);  in  tho  region  more  to  the 

wc«t.  usually  about  ."JOO  feet;  in  middle  Tennessee,  where  the  liod"  nre  called 
the  Stones  River  group  by  Saffbrd,  200  to  300  feet;  in  Missouri,  400  to  600  feet 
(Swallow).  In  Iowa  the  Galena  limestone  is  150  Ibet  near  Dnhaqae,  and  tha 
Trenton  20  to  100  feet  (HaU). 


((.)  AfpahMam  rtgioiu — ^Tha  limestones  4^  the  Trenton  epoch  haTO  great 
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Uiickness  in  Pemi^lTaBU, — probably  2(M)()  fcvt  or  mor«.  In  enttmt  TrnneKjtoo 
tb«  thickneu  is  more  than  double  that  in  the  oentral  basin  of  the  State,  being 
«l  ImiI  5M  fl«  mo  fMt  (SidTord). 

(<•.)  Arctic  rr'ji'iii. — The  Tronfi^n  limestone  hns  been  identified  in  tlM  Awtic  on 
thoweit  shore  of  King  William'd  I«laa<l,  at  Fury  Point  on  North  Smnntct,  on 
the  MiC  and  w«it  itdci  of  Boothia.  The  Boothia  rook  is  a  dolomite,  ooati^ing 
cartioiuto  of  lime  54.92,  oaitHmato  of  napiosia  4S.57>  olay  and  oxyd  of  iron 

151. 

3.  Minerals. — The  icad-mincs  of  Wisconiiin  and  the  adjoining  region  arc 
rflaatod  In  tho  Oalona  liiBMtono,— a  rook  named  fh>m  the  mineralogieal  designs 
lion  of  the  common  ore  of  lead,  galena.  The  ore  occurs  in  1ar<re  irregular  bcda 
er  extended  maases,  sometimes  spreading;  like  voinsi,  though  not  properly  of  thi^ 
■atara.  The  lead-region  of  Wisconsin  and  Illinoit*,  according  to  Owen,  is  87 
mitce  from  east  to  west  and  H  ftom  north  to  aoath ;  and  tbrooghoat  mneh  of 
this  region  traces  of  lead  may  he  found.  The  1>efl<  rcscnihle  in  j"i>iti.in  the 
lead-minefl  of  Missouri;  but  tho  latter  occur  in  a  limestone  of  tho  Caicifcroua 
tpeeh.  These  mhiee  of  the  Upper  His^ippi  have  heen  the  salitjeet  of  a  reoent 
npoit  hj  J.  D.  Whitnij. 

Rocks  of  the  Trenton  ix^riod  occur  in  Groat  Britain  and  many 
parts  of  Europe;  an<l  liy  tli<  ir  ^roncral  <li<triliuti<iii  tlioy  sliow  that 
they  l»av<*  the  same  rontinentiil  cliuiartcr  as  in  North  Amci  ira. 

In  England,  the  rock.^,  instead  of  being  limestones,  arc  almost  solely  shales 
and  afaaly  sandstone  (tlags),  with  onlj  thin  beds  of  limestone.  They  inohide 
tbc  Llandeilo  flag!<  and  !>halc,  which  arc  many  thouttand  feet  thick,  succeeding 
to  which,  as  the  folliiwin?  pnrt  in  the  series,  jire  the  Ciiriidoo  fandstone  of 
Shropshire  and  tho  Caradou  or  Bula  tunuatiun  of  Wale:;.  The  latter  aro  sup- 
posed  to  represent  the  American  Hudson  period.  Among  the  Bala  beds  are 
•limn  thin  layers  of  limeftono.  Tfn'  thu^km^--  nf  the  Lower  Silurian  <if  (Ireat 
Britain  above  the  base  of  the  Llandeilo  formation  of  Wales  is  estimated  by 
Vmehison  at  18.000  feet 

In  Spain,  also,  there  are  sohists  and  sandstones,  with  some  Iimc8tone<<.  In 
ScarKliiinvi.i  there  are  linieytonci*  overlaid  hy  slates  and  Hags;  and  in  Auasia 
sod  the  Baltic  provinces,  mainly  limestones. 

It  thns  appears  that  along  the  border  regions  of  the  Enropean  oontlnent,  as 
in  England  and  Spain  and  Sonndinavia  in  part,  tho  rocks  are  mainly  sandy  or 
argiUaoeooB,  while  over  tho  interior,  limestones  abound. 

1.  Life. 
1.  Amkricax. 
1.  7V«n/^. 

Sc>a-woods  are  the  only  fossil  plants.  Two  of  the  species  are 
reprejiented  in  figs.  262,  2G3. 


/ 
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Fpocimcnn  of  Sea-weedn  are  rare.  Fi>r.  2rt2  is  the  Buthotrephit  (fmriHt.  and 
flg.  iHi'A,  It.  tHceulotHM,  The  figures  rc|iro»ent  only  portiuns  of  thcav  |>luut&. 
lluiy  foMil  86*»WMd«  mn  sot  to  b»  looked  for  in  UfliM«toiiM. 


Figs.  262,263. 


ng.      Bnthotiapihto  gndtti;  963^  B.  ittDcalom. 


2.  Animnfjt. 

Tlio  seas  of  the  Trenton  poriofl  wore  flensely  populated  with 
animal  life.  Many  of  the  beds  are  made  of  the  shells,  corals,  and 
orinoids  packed  down  in  bulk ;  and  the  less  foesilifisroas  oompaot 
kinds  have  probably  the  Mune  orl|^n,  and  differ  only  in  that  the 
shells  and  other  relics  were  pulverised  by  t}u>  aetionof  the  sea,  and 
reduced  to  a  palcnreous  earth  before  consolidation. 

With  tlie  Trenton  jjcriod  there  appeared  speoies  of  undoubted 
Polyps,  the  true  coral  animals  of  the  seas  (fig.  277,  etc.) ;  and  the 
sab-kingdom  of  Radiates  has  hence  all  its  three  classes,  Polyps, 
Acalephs,  and  Eehino<lerm.s,  represented.  The.se  corals  In-long 
mostly  to  the  Cyathopfn^lf'nn  family,  and  where  they  occurred  tliey 
gave  the  aspect  of  a  flowei-;::irden  to  the  sea-bottom  in  shallow 
waters.  The  MoUuscau  sub-kingdom  included  numbers  of  Con- 
ohifers  and  Bryoioans,  as  well  as  Braohiopods,  Pteropods,  Qastero- 
pods,  and  Cephalopods ;  and  all  these  divisions  were  well  repre- 
sented. Both  the  Molluscan  and  Radiate  sub-kingdoms  wore, 
therefore,  fully  unfolded  in  all  their  grand  types,  thoufrh  not  ud- 
vanoed  to  the  high  rank  they  afterwards  attained.  In  the  .sub-king- 
dom of  Articulates  there  is  no  progress  above  Worms  and  Crus- 
taceans; and  no  trace  of  a  Fish  or  of  any  Vertebrate  has  been 
found  in  the  rocks  of  Uie  period. 

The  i)n>vailiii^  types  ar.-— ;  1)  Th-arh'njmU  (fijrs.  208-270.  2S(V,^00), 
whose  sludls  outnixmlii  r  ami  outweigli  all  other  remains  together; 
(2)  Orl/iocerata  (figs.  3i;i-ol.3),  of  the  class  of  Cephalojiods,  which 
are  numerous,  and  some  of  than  ten  to  fifteen  feet  long  and  a  foot 
in  diameter;  (3)  Orwoidt  (figs.  2H  284, 285),  whidi  rank  next  to 
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Brachiopods  in  the  profusion  of  their  relics  ;  (4)  TVilobUes  (figs.  320 
-o20j,  which  are  greatly  multiplied  in  genera  and  numbers  of 
species,  and  attain  in  some  cases  a  giguntic  size ;  (5)  Bn/ozoans,  a 
grotip  including  »  multitade  of  delicate  corals  having  minute  oella 
266. 267). 

There  were  but  few  Polyp-corals,  compared  with  tlu>  nunibor  in 
later  periods.  Single  ma^s^'S  of  the,  coral  Cohunhnrii  (ilvolatu  II. 
(fig.  27 {*j  occur  in  the  Black  River  limestone,  weighing  between 
two  and  three  thousand  pounds.  Delicate,  plume-like  fonila,  called 
Qr^taSle*  (p.  190  and  fig.  281),  were  a  feature  of  the  seas,  though 
itlllmorc  common  in  the  next,  or  Uudson,  period.  Cystids  (figs. 
265,  285)  were  the  most  chanicteristic  kind  of  Crinoids.  They 
belong  in  geological  history  eminently  to  this  early  era,  reaching  in 
il  their  greatest  expansion.  The  Brachiopods  were  small  species 
in  the  first  epoch  (figs.  268-270),  but  large  and  of  many  kinds  in  the 
following  (figs.  286-300).  The  Trenton  species  were  mostly  of  the 
(Vthis  family  (the  genera  Orlhl^,  Orlfiix'ma,  L-pf<rnii,  and  >S(raj>/iomena); 
and  with  these  there  were  .species  of  tlie  Luujula,  Duscina,  and  lihyn- 
thaneUa  groups, — the  same  families  that  were  represented  in  the 
csrlier  Calciferous  epoch.  The  genera  Mhynekcnelia  (fig.  270),  whidi 
bsgins  in  the  Chasy,  and  Oowa  (fig.  330),  of  the  Trenton,  have 
representatives  in  modern  seas. 

The  small  bivalve  Crustaceans  Lepcrdilice,  (fig.  276)  occur  in  im- 
metiMi  numbers  in  some  places,  as  on  the  Ottawa  in  Canada,  where 
a  bed  of  limestone  two  feet  thick  is  wholly  made  up  of  them ;  and 
yet  the  length  of  the  shell  is  only  one-ninth  of  an  inch. 

The  huge  Orthocerata  exceeded  in  magnitude  any  existing  Cepha- 
lopo<b.  and  \vcr<'  the  great  animals  of  the  Trenton  world, — the  first 
in  siie  and  rank. 

Ohanektialie  S^peaet.—l.  Chamf  Efioth» 

1.  VtCltlOmoaCBm.—-^om§t9^Eo^amgia  Mtatrnwrt  and  S.  mrimu  B.  oooor  at 
tht  MingSB  Islands. 

2.  Radiates. — (a.)  Pnlifpn. — No  species  have  been  described,    {h.)  Aea 
f*pkt. — Species  of  Chmtttt*  and  Colnmtmria  (Billings),    (c.)  Eckinoderm: — The 
OHbiMs  insliids  m  mmaj  known  CjrctifU     CrinMa.  Thm  following  an  a  Urn 
•rthms- 

(!•)  CrinitU. — PaUtocrimi*  ttriatut  Billings  (fig.  264),  the  body,  showing  the 
liUttSag  amlralaersl  grooTot  (Ave)  at  top ;  BtawtoidoerimM  earehaHdau  B.^^ 
tha gwims  apparently  of  the  Pentremito  family,  n  family  which  makes  its  nozt 
appparance  in  the  middle  Devonian  and  abounds  in  the  Subcarboniferoiis. — 
(2.)  CgMitis: — Mai*e]f»ti«  Murchitoni  B.  (fig.  265),  the  body  nearly  spherical 
(tthnoe  the  nsmo,  tnm  fho  Latin  wo/im,  an  applo),  and  baring  no  arau,  and 
(be  ambulaeral  grooves  irrej^ularly  radiating.  Another  ChMMj  gsnns  iS  the 
Palmo^fiti*  B.,  wliiob  ineludM  Hall'i  itettaeeiriiiM  ttimiradimiHu, 
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'>\.  MoUuska. — (a.)  Bryoxoan: — Fig.  2M  represontJi  the  Rrtepom  iHc*pta, 
«  thin  reticulate  coral,  the  aurfKoe  ur  which,  ua^nificd,  is  shuMrn  in  fig.  266  a; 


Figs.  204-276. 


llitiATK-S.— VI};.  iVI.  PalirrM  rilini  Ktiintui*;  •y>o.  Mi«lix:.v«li«  MurrliiiMinl.    Mollisiw. — Wt, 
Kpli-iwrix  lnc«"i>tii;  -t-T,  I'tiUxUctyn  foiictrHta;  2(W.  OrtbU  coxtalU;  2«»,  Lcpta'tiM  |ilirtr(.>nt ; 
270,  llhynrlionclln  plrim;  271,  MailiirFH  luii^iin;  272,  SI.  Lo(CHtii(X  '^):  273,  i>p^rciihini 
'<rMiiiii';  274,  S-nlitf!!  iui);iil»lti« :  275,  lletlmi|>b»ii  roliiintHlun).    .^KTICCLatis. — 270, 
|>i'niiti:i  ('iiniiili'ti>iiK,  rnr.  iiiiiiii. 


Ur.  267,  PtiloiHrtifa  /mr»lrnln,  a  small  brnjiehing  iipecies,  covered  with  minatc 
fells,  an<l  f^g.  2(>7  <«,  tlic  iiurfiicc  rangniAcd. 

(fc.)  liniehivfiod*. — Fig.  2fi8,  Orthi*  cttilafi't  II.:  fig.  269,  Lei»tKua  i>liri/rrn  H. ; 
L.  incra—tttn  H. ;  fig.  270,  HhynrhunrUn  jiUutt  H.  (a  nide-vicw). 

(c.)  Conchlfrf. —  Xonc  have  been  described. 

{d.)  Gnwirropnitt. — Fig.  271,  Mnelitrcn  mntfiw,  which  is  very  abundant  an<l 
ixiinctimes  has  n  diainotcr  of  eight  inches;  fig.  272.  Mnrlnren  Loytni,  shuvrinc 
the  shell  closed  by  its  operculum  ;  fig.  27.1,  the  i>perrulum  in  side-view  ;  fig.  274. 
Sriilitf  amjulntut  C<»n. :  fig.  275,  BrlUrnphon  (Bncania)  rotuHfintiim. 

(e.)  Crphalttiftdt, — Oi'thocrrn*  recti -annvlatMiu  H. ;  O,  tmn>»eptHm  H.,  n  largo 
!>pecio8,  with  the  septa  thin  and  rather  crowded. 

4.  Articalates. — (a.)  Tn'lobite*. — Among  the  species  there  ar«  IIIituhm 
Arrtiiru*  II.;  /.  mxtticnndn  f  ;  Aftphn*  nhtH'ti*  II.;  AiaphHt  {luttflut)  yu/trm 
(fig.  .')20).    There  itrc  also  species  of  Batkgiirut  and  Ampyx  in  the  Canada  rockt. 
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(b.)  O»f»-firoi'rf«,  or  Bivalve  Crustaceans. — Fig.  27ft,  Lrju-nlilia  CfiHudeutU  {vat. 
Hftma)  Jonea. 

2.  TVcnton  Epoch. 

1.  Protozoans. — Sponge: — Atlylotpongm  porvuln  B.  occurs  near  Ottawa 
CitT,  Canada.  Several  other  Bpecies  of  sponge  have  been  described  hy  Roeiner 
from  the  rocks  of  western  Tennessee. 

'1.  Radiates — («.)  Po/yp*.— True  Polyp  -corals  (paffes  162,  Ifi3)  occur  here, 
fig.  277  \i  the  Petraia  Coruieulniu,  a  coral  of  the  Cyathophylluin  familv,  from 


Figs.  277-285. 


K.UHATE1I.— FiK.  377.  Pctnvin  Cornifulmii ;  27A,  a,  rnlnninitrin  iilveuluta;  270,  280,  CliartptcM 
L)rf"p«Tdoii ;  "JSl,  <i,  Qrn|itoliiiiiiii  amplcxicnnli^ ;  'JSJ,  I'alwastor  inntutiun ;  283,  Tasniimlcr 
^iio(«H:         I/«x:aiiiM;riimN  clegAUif ;  28o.  }'leur(H-.v>ili*  »<|uani<MUii. 


the  Trenton  limestone.  When  alive  it  had  probably  a  circle  of  tentacles*  and 
»  flowcr-Iikr  f<uu)init,  resembling  closely  fig.  1-17,  and  it  may  have  been  richly 
"•lored.  Fig.  278,  a  fragment  of  the  Culumnttn'n  alttolatn  H.,  cbaracteristic  of 
the  Black  River  limestone  in  New  York,  but  occurring  elxewbcro  in  the  Trenton 
liise«tooe, — a  section  of  one  of  the  columnar  cells  shows  the  tables  or  par- 
titions of  the  interior:  fig.  278  n,  top-view,  showing  the  radiate  cells  ;  fig.  279, 
'Vpfrfr*  LyroperdoH  of  the  Trenton,  a  solid  coral  of  a  conoidal  form,  having 
»  Sbrous  or  fine  columnar  structure,  as  .shown  in  the  sectional  view,  fig.  280. 
A  branching  fussil,  characteristic  of  the  Birdscye,  and  called  Phyiop't*  ivfui- 
f'-mt  H.,  is  a  coral  of  the  genus  Telradium,  having  cells  like  fig.  3.18  >y.  The 
fkain-eoral  (genus  Ifulytiie*,  a  species  of  which  is  shown  in  fig.  .t.lR)  has  occa- 
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aiunally  been  .iccn  in  the  limettonoi  of  the  Trenton  epoch,  m.s  in  the  Galena 
limestone,  and  in  Canada. 

(6.)  Acalrphn. — Fig.  2S1  ia  the  Gruplolitbtu  ampUxicauii*  H.  of  the  Trenton, 
and  281  >i  an  enlarged  view.  Agas»it  refers  aUo  to  the  Acalopha  the  genera 
Chtrlrttn  (fig.  279),  Fiieooiltf,  Coinmnarin  (fig.  27H),  and  the  related  corala  baring 
the  cells  divided  by  horixontal  partitions,  as  explained  on  p.  Ift2. 

(c.)  Echt'iiodermt, —  Fig.  282,  the  Star-fish  PnfKatter  matutiun  H.  of  the 
Trenton ;  283,  Tmnintter  tpiuoaa  B. ;  fig.  2M,  tho  Crinid  LeWHOcritm*  tlrgam 
Billings ;  fig.  286,  the  two-armed  Cystid  Plenrotiftii  tquamotut  B.,  of  the 
Trenton,  in  Ottawa,  Canada. 

The  number  of  Cystids  described  by  E.  Billings  from  the  Lower  iSilurian  of 
Canada  is  21;  making  in  all  for  this  era  in  North  America,  thus  far  known,  22: 
th«  Crinida  of  the  same  era  amount  to  50  spocics,  and  tho  Star-fishes  to  11 ;  13  of 
tlio  Criuids  and  8  uf  the  Star-fishes  arc  Trenton  specicit. 


Figs.  28a-.100. 


Brachionm.— Pi^.  280,  2^,  Ortbis  Lynx:  288,  0.  occidental  is;  289,  0.  trstudinaria ;  290. 
O.  triccnaria;  291,  Leptipnn  (ericca;  292,  8tniphotnena  (Leptsena)  mxoM;  293,  Stroph. 
altoniata;  294,295,206,  Ilbyiubonella  Incrobcaceoa;  297,  298,  Rhynchonella  bisalc*ta; 
299,  OU>lua  flloans;  300,  Uu^la  quadrata. 

3.  MolluskB. — (a.)  Brtfotoann. — Species  of  Rtlttjwra  and  Ptilodictyn  (re- 
lated to  figK.  2f»Ct,  267)  are  cummim. 
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(*.)  Brnrk{oj^^:—F\ga.  286,  287,  Orthi*  Lt/njr  ;  283,  O.  oeeideutali*  ;  289,  0. 
tniitdtHaHa  DaL ;  290,  0.  trieeHaria  Con. ;  291,  Lrfitttna  terteea  Sow. ;  292, 
Sirupiomrna  rtujotn  (f«>rinerly  Lfptnitn  iirprr»»n) ;  293,  Stroph.  nltemata ;  294- 
296,  IthynehoHtUa  iticrtbtternt  H. :  297,  298,  RkyuchoHtUn  f  bttuleala. 

(c.)  C<mchi/er». — Fig.  301,  Attcnla  f  TreutnuentU  Con. ;  302,  Anibonyefitn  belli- 
itrintu  H.  ;  SO.'i,  CtfHodontn  uatuln  ;  also  Comirnrdhtm  itutmiliirum  B.,  of  Black 
Kirer  liiuertono  on  the  Ottawa,  Canada,  and  Bpccicfl  of  Modioloptit. 


Fipfi.  .301-303. 


i'nscnimK. — Vig.  301,  AriculaT  Trentoiifniti!! ;  3*rJ,  Atiil«<u>(  liiii  brllii^trluln:         ('t<  c.<- 

doota  DM  lit  a. 


((<.)  Goftrrnpoti: — Pip.  304,  Pfeurotomaria  Irntiriihirit  Con.,  very  common  in 
th«  Trenton  limestone;  305,  Murrhivtmln  hicinrtu  ;  3ii(l,  ^f.  hrUici»rtn,  often  four 
utchct  long:  307,  Heliajtoma  pUotuhtta  Salter,  froiii  Canada j  308,  Jirllrruphvii 


Fig.o.  30+-:M2. 


'i  irmopooH. — Ftp.  .W.  Pli-ur«>tonmriA  Iciiilrulnrto:  30ri,  Miirrhii^iiiiA  biciiiclni  30(1,  M. 
htlliriDrta:  IKiT.  iltlicoloiiia  {ilnnuluta;  3t)H,  309,  B<-]It'ru|»liuik  liiU>t)atuif ;  ;i10,  C'yrlollt<-N 
nopmaus;  311,  C.  Trvntouensi*. 


^(obaiuM,  vpry  common;  309,  samo.  <»idc-view  ;  310.  Cifrtolite*  r^itupreatm  H.; 
311,  312,  Cyrtolitcn  Titiitoutntin,  »idc-vicw.  The  jteiniH  ('tirUilih *  i«  lik<^  a  [lartlv- 
ucoiled  Bcllerophon,  and  ia  not  <-hiiuihcrc<l.  There  arc  ali«o  iicvcrnl  I'utellti- 
liko  ipeeiM  of  Jfetopfoma  (formerly  Capulun  and  Pntdbi),  n  gtmuf  which  bcpan 
io  the  Calciferoui  beda. 

(r.)  Cfpkalopod: — Fig.  313,  Ortkorrrtr*  Junreuui  II.,  n  uniall  Trcnt<in  bpccicB; 
314,  O.  r(rfe6ra/«  11.,  also  Trenton,  the  figure  rcdiu-cd  to  one-thinl ;  3I.>.  )iarl 
of  »n  Ormocera*  teuHljUttm,  showing  the  beaded  siphnnfle  nnd  septa.  Th<'  >'\w- 
ricf  it  very  common  in  the  Hlack  River  limcptune,  and  \»  sumotiines  over  two 
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feet  long:  the  genus  Omiorerat  is  peculiar  in  the  beaded  form  of  the  itiphancle. 
Other  couimon  spectea  of  the  Orthoccros  family  are  the  EuHocemt  protei/ormt  IL, 
and  the  Uoniocerai  anctpt  U.    The  Etidoceruii  i«  the  inost  gigantic  known. 


Figs  :{i:t-3i8. 


CiPWAlOfons.— Kig.  313,  a.  Orthocoriw  Junrcnni:  314,  O.  Tcrlel«riit«?;  316.  OrrooceriM  f.~ 
Duiflluiii:  316,  a,  Cyrtocerna  MinuUtuiu;  317,  Crjrpluccnu  umUtuni;  318,  Trocboliie* 
Ammonias. 


baring  attained  a  length  in  some  coses  of  fifteen  feet,  and  a  diameter  of  ncnrir 
one  foot.  In  the  genus  Emlorcnm  (from  the  Urock  <npa;,  horn,  and  u/iov,  tciihin) 
there  is  a  cunccntric  structure  of  cone  within  cone.  In  the  (JoHUM-mit  the  srplit 
or  partitions  are  vorj  much  crowded  and  htivo  a  double  curvature,  and  tha 
siphunclc  is  central. 

(/.)  There  aro  also  curved  species.  Fig.  316  is  Cyrtoctrat  nnnulatHm  H.  ; 
",  a  transverse  section,  showing  the  position  of  the  siphunclo:  fig.  :<17,  f^f'ff,. 
tfcei-a»  tinti'ilMin  {Lituitrt  undata  H.),  an  abundant  species  in  the  Black 
River  limestone;  fig.  .318,  TroekoUttt  Amnioniv  of  the  Trenton;  .HIS  a,  a 
transverse  section.  In  Crypiorem*  the  spire  is  open  at  the  outer  extremity  and 
the  siphuncle  is  dorsal ;  while  in  Trochofiie$  it  is  closed  and  very  tightly  coiled 
thronghouL  Lttuilm,  another  genus  of  the  period,  which  first  appeared  in  the 
Cmlcifcrous,  differs  from  Cryptocoras  in  having  the  siphuncle  subccntnU.  The* 
genus  Phrngmocfrn*  is  peculiar  in  having  the  mouth  of  the  shell  very  much  con- 
tracted by  a  bending  inward  of  the  sidei.  A  species,  P,  immattirum  B.,  oocura 
in  the  DInck  River  limc:<tone  of  Canada. 
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Vig.  319  represcntf  Cr>untana  tfrncHU  H.,  a  delicate  four-tided  pyramid, 
apparently  admitting  of  some  motion  at  the  angles,  but  having  *cpta  within 
in  the  nnaller  extremity  (n),  and  supposed  therefore  to  bo 
the  fbell  of  a  Cephalopod :      is  nn  enlarged  view  of  the  ^'K-  ^l^* 

rarface. 

4.  Articulates.— (a.)  Trilobittt.— Fig.  .120,  A*uphi'» 
(ttttint)  f/iyn*.  a  small  specimen;  the  species  is  somctiMKH 
ten  inches  or  a  foot  long:  fig.  H2\.  Cultfmtnt  uniarlo  Cun. ; 
ig.32lrt,  same  rolled  up,  by  bringing  the  tiiil  tu  the  hcnd  : 
fig.  322,  Lifhnt  TrtHlontHti* ;  fig.  .32.t,  TriMUfUim  Cfurrii- 
trien*  ;  figs.  .324.  .32j,  AyuDttim  IiAhUh;  II.,  head  and  lail 
portions  magnified;  .126,  nnturnl  size. 

{b.)  0»lrnrni(i». — Fig.  .12".  LrftrnlUin  Fnlni/ilea  '  Con., 
oatoral  size;  n,  h,  transverse  and  vertical  sections,  the 
ipeeimen  fmm  Canada  [L.  Jotrjiklnim  Jones,  who  refers 
the  species  with  a  «juery  to  the  Fnlitililm  of  (.'onrad). 

Id  the  State  of  New  York  the  HIark  Itivi-r  limostono  i<  r^perially  remarkiil>1<- 
for  its  great  abundance  of  species  of  the  Orthocvru^  family,  nuion^  which  iiru 


Figs.  .12ft-:i27. 


CaWTACt*j«.— Fig.  320.  Asaphnt  glp**  <  X  Vo):  321,  a,  Cnlyincnc  aninrln:  322,  l.lrliiui  Tron- 
toarnsii:  321,  TrlMiirlem  conrciilririiH;  .TJ4,  32.'>,  .\):iiiMtu«  lobuluit  f«  4);  .12t),  wiiiu-. 
natnral  aixr;  3S7,  a,  b,  Lpperditin  Fnliulltf*  <ii«turid  mzp). 

the  species  Onuoemi*  teniiifiliim  II.,  Fnii<tf'ertt»  Innf/iittiuitm  II.,  and  Gonii<- 
etrtit  aucept,  which  do  not  recur  in  the  ovcrlyin;;  Trenton  limestone.  Some  of 
them  are,  however,  found  in  rocks  in  Ciinndii  whot^e  fooil.i  :ir<'  Iwo-thirdii  thll^«• 
of  the  Trenton;  and  both  there  and  in  Tennessee,  u.s  well  ns  other  parts  of  llir 
Wc«t,  there  is  a  mingling  of  Illaok  Kiver,  Dirdscyc,  and  Trenton  fossils,  whi<')i 
proves  that  the  rocks  make  but  one  grmip.  (IViUings.) 

The  numl>cr  of  Chnsy  species  occurring  in  tlic  Treniun  ^r<>ii|>  hun  not  bn  n 
reccatly  anuounccil. 
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2.  ECROPBAN. 

The  same  siibdivisionn  of  the  kingdoms  of  life  are  represented  in  Europ«  m 
in  America,  the  Ra<iiate  and  Molluscan  having  their  grander  types  brought  out 
in  species,  while  the  Articulates  appear  ouly  an  Worms  and  Crustaceans,  with 
Trilobitcs  the  predominant  tribe.  Moreover,  the  genera  of  Trilobites,  Ortho- 
ccrata,  Brachiopods,  etc.,  are,  in  the  main,  the  same;  and  manj  species  have 
been  published  as  identical  with  American  fossils.  Among  these  species  of 
wide  range  there  are  the  following: — The  species  Atajihiu  giijai,  TrinncUut  cnu- 
eenlrient,  Orthit  ttriatula,  Ortki»  Lyiir,  StropkomeHa  nllematn,  Lrplttna  tericea, 
l/nrchimHia  bieiHcla,  BelUmphon  hiloLatiit,  and  others,  occurring  in  the  Llan- 
deilo  flags  or  their  equivalents  in  Great  Britain.  7Vinuf/«u«  eonc^Htricum  is 
also  reported  from  Bohemia;  Orthi*  Lynx  (or  biforata),  0.  ilrialttla,  BclU- 
ropkon  bilobatHM,  from  Russia  and  Scandinavia.  The  group  of  Cystids  reached 
a  climax,  as  in  America;  the  Bala  limestone  in  Great  Britain  and  equivalent 
beds  in  Bohemia  and  Sweden  containing  the  species  in  greatest  abundance, 
the  number  from  these  regions  now  known  being  over  forty. 

The  annexed  cut  represents  a  few  of  the  British  species  of  the  Llandeilo  flags 
and  Bala  limestone. 

Fig.  328,  Orthi*  FlnbeUnlum,  one  of  the  coarsely-plaited  species  of  Orthi;  and 
fig.  329,  0.  tUgoHtitla,  both  stated  to  range  from  the  Llandeilo  into  the  Upper 


Figs.  328-334. 


Fig. 328,  OrtluH  FUbpllnlum;  .')29,  O.  elcgiintuU;  330,  Crania  illvariCHta;  331,  Conocardium 
dipterum;  332,  Araphus  Powi<li;  333,  Illirnus  Davltii ;  334,  Anipyx  nudaa. 


Silurian :  fig.  330,  Crania  divnricola,  the  earliest  species  of  the  genus,  adding 
another  to  the  number  of  genera  that  range  from  the  Lower  Silurian  to  the 
present  time;  fig.  331,  Conocardium  diptcrum  of  the  Ayrshire  beds;  fig.  332, 
Ataphna  Poioitii ;  fig.  333,  IllniN*  Dnvitii  Salter;  fig.  3.'U,  Amptfx  uNdu»,  a  tri- 
lobite  of  the  Llandeilo  flags;  fig.  177  (p.  151),  Calymene  Biumenbaehii,  which 
includes  the  C.  ttnnria  of  the  Trenton,  reported  to  range  from  the  Bala  lime- 
stone into  the  Wenlock  of  the  Upper  Silurian. 

The  earliest  Rhinopod*  (see  p.  163)  yet  discovered  have  been  found  by  Ehren* 
berg  in  the  Obolus  or  Ungulite  grit  of  Russia.  The  rock  is  in  part  a  very  soft 
grecn-sand ;  and  the  connection  of  the  microscopic  Rhixopod  shells  with  the 
green  grains  shows,  as  Ehrcnberg  states,  that  it  is  of  the  same  nature  with  the 
Green-sand  of  the  Crctacoous.    Among  these  fossils  occur  the  three  modern 
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ftnem  Trrtufni-in,  FintaHn,  and  Guttitfinfi.  Ehrcnherg  has  !il«o  dctcotod  in  this 
rock  great  uuuibers  uf  Pteropods  (related  to  Thtcn),  and  made  out  ton  new  ap«- 
«Im  nA  twn  gencn.  The  ro«k  derives  lU  name  twm  tta  moat  eommon  fossil, 
OMut  Apolli»i»  (flg.  2S6),  which  is  about  as  liirgo  a»  a  small  finger-nail.  Thr 
Sn:h.,iir,trrtn  uttfjnirntntn  [fi^.  2^5)  iit  another  of  ita  fottila.  The  age  of  the  beda 
is  either  that  of  the  Trenton  or  earlier. 

3.  HUDSON  PERIOD  {4j. 

Epochs. — 1.  I'tita.  ropros.'ut^Ml  >>y  thf  rticii  slialc  f  I  n) :  2.  IFrD- 
90X  KivcR,  or  that  of  the  HucUon  liiver  shale  and  some  contempo- 
raneoiu  limeiitonos  (4 1 ). 

In  oontomst  with  the  Trenton  period,  the  Hadaonwas  pre-emi- 
nently a  time  of  shale-making.  Its  surface-exposures  in  New  York 
St.ite  are  shown  on  the  map,  the  region  beinjr  tliat  marked  4.  Its 
life  was  abundant,  and  much  resembled  that  of  the  Trenton  period. 

I.  Rocks:  kinds  and  distribution. 

The  Utiea  shale  'x»  the  jjurluce-rock  ulong  a  narrow  region  in  the 
Kohairk  valley,  N.Y.  (see  4  a  on  map,  p.  170),  following  %  eouise 
umAj  panUlel  with  the  oatline  of  the  Aaoic  farther  north.  The  slude 
ii  in  some  plaees  three  hundred  feet,  or  more,  thick.  It  extends 
wp<«twflr<l  thirough  Canada,  and  1' ■vonrl.  proliaijly,  into  Wisronsdn 
and  l<nva.  thougli  a  very  thin  (U  posit  at  the  West.  Along  the 
Appalachians  it  occurs  in  Pennsylvania,  and  is  from  three  hundred 
to  seven  hundred  feet  thick. 

Tlie  roek  is  a  crumbling  shale,  mostly  of  a  dark  blue-hlack  or 
brr>wnish-blaek  color,  anil  fre<juently  bituminous  or  earl>oTiacpous, 
—so  much  so  as  in  certain  phice.s  to  servc!  as  a  black  pigment.  It 
Bometimes  contains  thin  coaly  seams;  and  much  money  has  been 
Ibolii'ltly  .spent  in  searching  for  coal  in  this  dejxMit.  Thin  lajers 
of  limestone  are  oooasionally  interpolated,  especially  in  the  lower 
part. 

The  fjtnhon  E'vrr  !^hnlri  are  exposed  tn  view  thr.uigli  the  centre  of 
Xew  York,  near  the  Mohawk,  and  westw^ard  from  the  northwestern 
■da  of  Lake  Ontario  aoross  Canada  (following  the  course  in  New 
York)  to  Lake  Huron  (see  map,  fig.  205) ;  also  fiurther  west,  in  Mioht* 
gan,  Wisconsin,  and  Iowa.  The  rocks  are  slates  or  crumbling  shateSf 
with  some  flugging-stone,  in  New  York;  but  westward  they  become 

juorc  or  less  calcareous. 

The  formation  is  represented  in  southern  Ohio,  about  Cincinnati. 
I7  a  thick  limestone,  called  **  Blue  Limestone,"  but  the  beds  ar«^ 
■meh  interlaminated  with  a  sdt  shale  or  marl ;  and  this  same  rock 
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stretches  across  the  Oliio  into  Kentucky  and  Tenno.«see,  and  west- 
ward into  Illinois  and  Mirisouri.  The  greatest  thickness  in  New 
York  is  nearly  1000  feet;  in  the  Northwest  it  is  very  thin.  Along 
tlie  Appalachian  region,  in  Pennsylvania,  the  rock  is  a  shale,  and 
hiis  a  thickness  of  1000  feet  or  more. 

In  the  Eastern  border,  at  the  island  of  Anticosti,  the  lower 
part  of  a  limestone  formation  has  been  referred  to  this  period ; 
but  recent  investigations  discredit  it. 

1.  UtiCa  Epoch. — («.)  Intrrior  Ctmfuiental  batin. — The  Utica  Rfaale  18  15 
to  36  feet  thick  at  UIodd's  Falljt,  iu  Now  York ;  250  fe«t  in  Montgumery  co.;  300 
in  Lewis  co. 

(6.)  Appalachian  region. — Id  PcnnsylvaDia,  the  rock  ia  a  black  abalc,  and  in 
some  parta  it  ia  foa»ilifcroue.  Tbo  tbickncsa  given  by  Profcisaor  Rogcra  in  the 
Kittatinny,  Nippcnoae,  and  Nittany  valleya  ia  300  I'uet,  and  in  the  Kiacbicu- 
quillas  valley  400  fe«t. 

2.  Hudson  River  Epoch. — (a.)  InteHor  Coiiti  nrntal  6<i«in. — The  Hudson 
River  shales  cover  tbo  region  north  of  Lake  Chanipluin,  in  Canada,  weat  of  the 
great  fault  which  marks  tbo  western  boundary  of  the  Calciferous  beds  (*cc  map. 
fig.  205),  and  they  alao  lie  over  a  small  area  near  the  centre  of  the  Trenton 
limcatono  region  of  the  Ottawa  basin. 

The  thickness  of  the  abatea  in  Schoharie  co.,  N.Y.,  is  700  feet  (Vannxem); 
on  Lake  Huron,  180  feet  (Logan);  in  the  Michigan  pcninsala,  18  feet  (Wio- 
chell);  in  Iowa,  25  to  100  feet  (Hall  A  Afhitncy).  In  Missouri,  there  are  alter- 
nating strata  of  sbnlo  and  limestone,  20  feet  and  Icaa  to  00  feet  thick,  tbo  whole 
120  feet  in  thickness  (Swallow).  In  central  Tenncssicc,  the  hviU  constitute 
part  of  the  Nashville  group  of  SalTiird  (the  lower  part  being  Trenton),  and 
eonaist  of  argillaceous  limestone  with  many  ahaly  layers :  they  are  a  few 
hundred  feet  thick. 

(6.)  Appnl'tchinn  rrgtnn. — In  Pennsylvania,  in  the  Kishicoqnillaa  valley,  the 
rock  is  a  blue  shale  and  slate,  with  some  thin  layers  of  calcareous  sandstone, 
and  the  thickness  is  1200  feet;  in  the  Nittany  valley,  700  feet;  in  the  Nippo- 
nese valley,  a  little  less.  (Rogers.)  In  eastern  Tennessee,  the  beds  (corre- 
sponding to  both  the  l.'tica  and  Hudson  River  epochs)  arc  of  great  extent,  and 
consist  of  calcareous  and  more  or  less  sandy  shales,  abounding  at  times  in 
Uraptolites,  with  some  thin  layers  of  calcareous  sandstone.  They  also  occur 
of  groat  thickness  in  Vir;;inia,  and  reach  down  to  Alabama. 

(c.)  EaUrrn  hurder. — The  limestone  formation  of  the  island  of  Anticosti,  re- 
ferred to  the  Hudson  period,  has  a  thickness  of  nearly  1000  feet.  The  litueatune 
ia  often  impure,  and  ia  iuterstratifled  to  some  extent  with  shulea.  The  strata  are 
nearly  horizontal. 

3.  Minerals. — In  the  Utica  shale,  near  Spraker's  Basin,  there  is 
some  lcad-or<'  (galena)  in  .•iniall  veins  occui)ying  the  joints  of  the 
rock.  Mr.  Whitney  has  called  attention  to  the  large  .imount  of 
carbon  in  the  Hudson  River  shales  from  New  York  to  Iowa,  and 
its  economical  importance.    In  the  rock  near  .Savannah,  Illinois, 
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he  found  the  oombustible  portion  amounting  to  20.96,  or  about 

21  jxmnds  to  pvory  1"0  of  tht^  shale;  in  tluit  of  Dubuque,  11  to 
10  per  cent.;  iu  timt  of  Herkimer  oo.,  H.Y.  (Utica  shale),  12  to  14 
per  cent. 

The  springs  of  Sa»togft  mod  BaUaton  xise  from  the  lower  part 
of  the  Hndaon  Biver  shalea. 

« 

IL  Life. 

The  larger  part  of  the  spcciee  found  in  the  Am^can  rodu 
of  the  Hudson  period  are  identical  with  those  of  the  Trenton, 

—although  a  considerable  number  are  still  peculiar  to  the  period. 
The  I'tioa  shale.  like  most  tine  soft  sljales,  contains  few  fo<sils, — the 
conditions  of  the  formation  having  been  such,  apparently,  us  re- 
sulted in  their  complete  tritoration  and  deatraction.  The  Hudson 
Bim  beds,  while  partly  as  fine  as  the  Utica  shale,  are  often  a  little 
eoarter  in  texture,  as  if  formed  of  the  kind  of  mud  that  abounds 
»t  moderate  depths  in  marine  life ;  and  these  somewhat  sandy 
ht'ds,  as  well  as  the  limei>tonus,  are  especially  fosi«iliferuus.  The 
i'tcies  in  the  limestones  are  often  identical  with  those  of  tlie 
Trenttm  period,— « limestone  period;  while  those  of  the  shales  are 
in<  >tly  ditlerent.  The  latter  are.  for  the  most  part,  those  that  live 
wh.  ir  the  bottom  is  muddy  ;  while  the  species  whose  relies  make 
tli'  iime>tnnes  require  clear  waters,  and  flourish,  like  tlie  shells 
of  ilie  coral  seas,  upon  the  submerged  limestone  reef  which  is  ui 
fvooess  of  formation. 

Plants. 

Tlie  plants  observed  are  all  8ea-we(«fls,  or  Fucoids. 

The  great  amount  of  carbonaceous  material  in  the  shales  was 
piobably  derived  mostly ^from  these  plants:  it  may  have  partly 
come  from  animal  life. 

Animais. 

Where  the  rocks  are  sandy  or  shaly.  there  are  few  corals  or 
Tiilobites;  and  these  Hudson  River  beds  in  ^iew  York  are,  hence, 
ill  strong  contrast  with  those  of  the  Trenton  period.  At  the 
*>ae  time,  Conchifers  are  much  more  numerous.  This  is  the  kind 
of  difference  that  exists  now  between  the  species  of  a  muddy 
Attorn  and  those  of  a  clear,  coral-growinjr  son. 

A  striking  feature  of  the  shales  is  the  abundance  of  Graptolites. 
They  occur  in  the  Hhaleii  of  Tennessee  and  the  Upper  Mississippi, 

mil  as  those  of  New  York.  These  feathery  species  must  have 
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grown  thickly  over  the  muddy  Hoa-bottom  ;  for  the  thinnest  layers 
of  the  slaU's  ai"e  sometimes  crowdedly  coverod  with  tlieir  delicate 
tracery.  In  the  limestone  regions  of  the  period,  a«  about  Cincin- 
nati, corals  and  Trilobites  are  common,  and  one  species  of  the 
latter,  related  to  the  Isoklus  of  Trenton  Falls, — the  Asaphus  (Ito- 
Ulus)  megUtos, — was  twenty  inches  long  and  a  foot  broad. 


1.  Radiates. — (a.)  Poltfpt. — No  corals  have  been  denribcd  from  the  Utica 
shale.  In  the  Hudson  River  b«di  in  New  York  there  are  epccici  of  Ckttttlf* 
related  to  those  of  the  Trenton,  and  rarely  specimen!  of  the  Fatittella  ttellntn  H. 
(flg.  33&),  a  columniform  coral  related  to  the  Favosites,  having  stellate  cells. 
This  species  is  more  abundant  in  the  West.  But  few  of  the  corals  of  the  Hud- 
son River  epoch  from  Ohio  ond  the  States  beyond  have  been  described. 
Cyathophylla  of  the  genus  Ptlrnia  occur,  as  in  the  Trenton;  also  the  earliest 
of  the  Chain-coral,  or  Jlal>fiite»  {B.  ffracilii  11.,  fig.  3.18,  from  Green  Bar. 
Wisconsin) ;  also  Si/rimjopora  obtnlttn  H.  (Sg.  337);  and  species  of  the  genus 
Tetradium,  as  Tetradium  Jibroium,  fig.  338,  a. 


33&.  Faviitctia  niHIata:  33tl,  llii]>>il«>«  crnrilU:  Xa.  8vring(i|H>ra  obsolcU;  .338,  a. 
T<*trB(Uum  fibrosuni ;  330,  (jl.vptucriiiUH  dociulitct>iuj». 


(b.)  Acnlfpht. — Fig.  251  (page  191)  represents  the  Grnptolithuw  pHttfi  H.,  a 
species  occurring  abundantly  in  the  Hudson  River  and  Utica  shales  at  many 
localities.    Several  other  species  have  been  described  by  Hall. 

(c.)  Echinoderm: — Crinids,  Cystids,  and  Star-fishos  occur  in  the  rocks  of  the 
period.  Among  Crinids,  the  GItfptoen'Hut  dreadnrfylim  II.  (fig.  .1.19)  is  not  un- 
common, occurring  in  New  York,  Ohio,  Kentucky,  and  other  States.  Fig. 
349  represents  a  largo  Star-flsh  from  the  Blue  limestone  of  Cincinnati,  as  figured 
by  J.  Q.  Anthony,  the  original  of  which  was  four  inches  across. 

2.  MoUUBkB. — The  Trenton  Brachiopods  J>pUtna  terieea,  fig.  291 ;  Stro- 
phomena  altrmata,  6g.  293;  OnhU  teilndinaria,  fig.  289;  Orthit  Lgnr,  fig.  286; 
Orthit  occidenlafit,  fig.  288;  Rhynrhonrlla  inertbf^»cen;  figs.  294-298;  and  some 
others,  are  continued  in  the  Hudson  River  period;  also  the  Gasteropoda  Britit. 


m 


Charaeterisiic  Spceie4. 


Figs.  335-339. 
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ropion  Hlobattu,  figs.  308,  309;  Troeholites  Ammonin;  tig.  318;  and  sotne 
CepbAlopods  of  the  Ortbocersa  family,  etc.    There  arc  also  in  tb«  rooks  of  this 

Fig.  849. 


KcHI^(ODDlM.— AAtfrifU  Antbonil. 


l«riod.  and  charactorirtio  of  them,  the  ConchifcM  Avimln  <l^u\l*«ti,  fig. 
\mioitifeh\a  radiata,  fig.  351 ;  Jfixlinloptit  mudiulnri*,  fig.  352;  fjrthuuuta  parul- 

FigK.  350-353. 


CoxcmrfU. — Fig.  350,  AvIcuU  rlcmlMta;  351,  Amlmnychiii  radinta;  362,  ModiolojiatK 
luudioIarU  (X        3^  OrlhoDotn  imrHllvU. 


W<i  H..  ftg.  353.    Among  the  Gasteropoda  occurs  tho  Cyrtolt'u*  omalu»,  near 

ig.  .".10. 
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3.  Axticulatea. — Among  Trilobit«s,  the /(«n/iW(/«o/«{i(«)  jr'^n*,  and  Trinw- 
ehim  eontxutricH;  continue  on  from  the  Trenton  period ;  but  the  A.yifjnn  is  rivalled 
both  as  to  abundance  and  sizo  by  the  A.  mcgiatot,  already  refi-rrcd  to,  found  in 
Ohio  and  other  Rtutos  west.  The  TViarfAnw  Brrkii  is  common  in  the  Utica 
ahalc,  and  occasionally  feen  in  the  Trenton  beds.  The  head-«hield  generally 
ocoars  without  the  body :  fig.  354  rcpreiicnt«  itt  usual  form,  and  fig.  365  the 


name  entire.  The  body  is  much  like  that  of  a  C'llj/mmr  (fig.  .'{21) :  it  has  a  row 
of  minute  spines  along  the  middle  of  the  bock. 

m.  Qeneral  Observations  on  the  Trenton  and  Hudson  Periods. 

Oeography. — The  Trenton  and  Hudson  poriotls  stand  apart  less 
through  a  ditforence  of  fauna  than  a  geographical  change  whicli 
caused,  over  largo  area^,  shales  to  Huccecd  limestones.  Were  tho 
life  alone  considered,  they  might  well  be  united  in  one  perio<l. 

Since  the  Trenton  limestones  extendi  widely  over  the  continent 
and  are  full  of  marine  fossils,  the  lan<l  must  have  been  covere<l  a.s 
widely  by  the  sea.  The  beds  roach  nearly  to  the  Azoic  on  tho 
north,  and  hence  the  coast-line  from  Now  York  westward  was 
situated  but  little  south  of  its  position  in  the  Azoic  period.  (S^-e 
maps,  pp.  130,  170.)  And  it  is  probable,  from  the  occurrence  of 
the  rocks  in  the  Winnipeg  basin,  that  this  line,  bending  northwar<l 
neitr  Lake  Superior,  followed  the  western  border  of  the  Azoic 
towards  the  Arctic. 

Tlio  general  absence  of  shales,  even  along  tho  northern  border 
a»  well  as  the  Ap])alachian  region,  can  be  accounted  for  onlj'  on 
tho  supposition  that  the  ocean  had  not  free  access  from  the  east- 
ward over  tho  continent.  The  interior  was  probably  in  the  condition 
of  the  lagoon  or  inner  basin  of  a  coral  island.  A  barrier  produced 
by  tho  slight  emergence  of  some  part  of  tho  Atlantic  border 
would  have  caused  such  a  condition  of  the  continent;  and  less 
than  ten  feet  of  elevation  would  have  been  sufficient, — for  no  more 
is  nc«ded  in  the  islands  of  tho  Pacific.  Its  brojwlth  may  have  varied 
from  scores  of  miles  to  only  a  few  rods.  To  the  south,  the  wators 
probably  opened  (as  they  did  afterwards)  into  tlie  Gulf  of  Mexico: 
a  connection  with  the  ocean  was  necessary  for  their  purity. 


Figs.  354, 


Triarthrus  Beckli. 
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It  is  possible  that  this  barrier,  or  reef,  extended  along  the  presont 
pmition  of  the  Green  Mountains;  but  to  the  south,  in  Pennsyl- 
VMii*  and  Virginia,  it  must  have  lain  to  the  eastward  of  the  Appulap 
chion  region,  since  the  Trenton  rooka  in  part  constitute  thi^  poi^ 
tion  of  the  chain.  The  tb'ptli  of  wafer  may  have  been  small,  if  we 
judge  from  what  is  necessary  for  the  formation  of  such  limestones 
at  tJie  preuent  day.  Any  subsidence  in  prugruMi  during  its  foruia- 
tioo  muat  have  heen  exceedingly  atoir,--leiw  than  half  an  inch  a 
year;  for  otherwise  the  animals  forming  the  limestones  out  of 
th<^ir  shflls  would  have  been  destroyed  V»y  being  sunk  below  the 
"iopth  at  which  they  could  live.  Tlierc  was,  beyond  df)iibt,  sucIj  a 
Hlowiy-progressing  subsidence ;  and  in  the  Appalacliiuns  it  ex- 
ceeded In  the  end  near  6000  feet  (the  thickneaa  of  the  Trenton 
Umeetones),  while  over  the  interior  it  was,  in  general,  not  far  from 
300  feet. 

The  great  St.  Lawrence  bay  about  <>ttawji  still  existed.  a><  iji  the 
Potsdam  period,  though  probably  somewhat  contracted  in  size. 
(Map,  fig.  2IJ-). )  Here  the  subsidence  must  have  been  nmrly  lOOOfeet. 

The  thin  layers  of  ahale  in  the  Trenton  limestone  are  no  more 
thaa  would  have  naturally  been  formed  by  streams  flowing  from 
thf»  northern  Azoic. 

Uut  with  the  opening  of  the  Uudson  period  shales  were  formed 
in  Canada  and  from  the  Hudson  Kiver  westward  along  the  northern 
border  of  the  United  States.  They  have  their  greatest  thickness 
to  the  eastward,  where  they  extend  from  Canada  and  New  York 
southw*>«»t,  along  tb*-  Appalachian  region;  but  over  tlio  nuddle  of 
the  interior  basin,  limestones  (though  often  somewhat  mi.xed  with 
chaies)  were  still  in  progress.  It  is  evident  that  some  great  change 
had  taken  place.  Probably  the  subsidence  along  the  northern 
bonier  of  the  United  States  (south  of  the  Canada  Aaoic),  and  also 
along  the  Appalachian  region,  had  been  increased  in  rapidity,  until 
th*' forming  limestone  reefs  were  submerged  an<l  tlie  animals  about 
them  destroyed, — thus  putting  ua  end  to  the  further  increase  of 
tbe  calcareous  beds,  and  leaving  them  as  the  foundation  for  future 
deposits.  (A  subsidence  of  the  coral  islands  of  the  Pacific  of  300 
feet  would  wholly  extinguish  the  life  of  the  reef>fomiing  COTals.) 
The  eastern  continental  barrier  may  also  have  been  partly  sub- 
merged, so  as  to  admit  the  tidal  and  great  oceanic  currents,  while 
Other  parts  of  it  were  just  washed  by  the  waves  which  swept  frmn 
it  and  bore  westward  llie  finer  detritus  for  portions  of  the  Hudson 
River  shales.  Had  the  waves  of  the  ocean  entered  in  lull  force, 
beds  of  pebbles  would  have  l)een  more  common  among  the  de- 
poaits.    Wherever  the  layers  are  somewliat  arenaceous  and  full  of 
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unbroken  foBsils,  there  mny  have  been  shallow  waters  and  n  muddy 
bottom,  OS  with  existing  oystor-banks ;  where  there  are  fine  shales 
with  few  fossils,  or  a  profusion  of  Oraptolitej*,  the  depth  was  pro- 
bably somewhat  greater, — for  currents  carry  fine  material  farthest 
from  the  shore-line;  or  there  may  have  been  sheltered  bays,  where 
gentle  trituration  would  have  prodiu-ed  the  finest  silt. 

The  Hudson  River  sliales  crossing  New  York  east  of  Lake  Ontario, 
and  those  of  Canada  west  of  this  lake,  follow  so  exactly  the  same 
course  that  we  conclude  with  reason  that  the  depression  of  the 
lake  had  not  then  been  fonned. 

Over  the  interior  of  the  Mississippi  basin,  away  from  the  sub- 
siding regions,  the  Trenton  condition  of  the  seas  may,  for  the  most 
part,  have  continued ;  and  hence  the  continuation  there  of  the 
limestone  formations  through  the  Hudson  penod. 

The  limestones  of  Anticosti  Island,  in  the  Gulf  of  St.  Lawrence, 
afford  definite  proof  of  an  ea.stern  geological  basin  or  area,  as  Logan 
has  remarked.  We  have  alreatly  spoken  of  this  area  (including 
St.  Ljxwrence  bay  and  the  region  southwcist,  with  part  of  New 
England)  as  having  to  a  great  extent  an  independent  geological 
history;  and  we  shall  soon  have  occasion  to  idlude  to  it  again.  It 
will  be  observed  that  the  limestones  of  Anticosti,  if  of  the  Hudson 
period,  were  in  progress  while  the  Hudson  River  shales  were  dejjo- 
siting  over  a  considerable  part  of  the  United  States. 

.Vs  in  the  Pot.sdam  i)eriod,  the  deposits  of  limestones  and  shales 
had  their  greatest  thickness  along  the  Appalachian  region.  The 
region,  therefore,  must  have  continued  to  be  one  undergoing  great 
changes  of  level,  in  which  the  amount  of  subsidence  was  very 
lurire. 

Climate. — No  proof  that  a  diversity  of  zones  of  climate  prevailed 
over  the  globe  is  observable  in  the  fossils  of  the  Trenton  or  Hudson 
period,  or  of  any  part  of  the  Ix)wer  Silurian  era,  as  far  as  yet 
studied.  The  following  species,  common  in  the  TTnited  States,  and 
occurring  at  least  as  far  south  as  Tennessee  and  Alabama,  have  been 
found  in  the  strata  of  northern  Nortli  America,  near  Lake  Winni- 
peg:— Sfrophomt'na  a/trmata,  L'ptccna  xerieeaf,  Machirea  maffnn,  Plfirro- 
tnmnria  Icnticularvs Cafymene  senaria,  Chcctetes  L>/coper(hn.  JifCfptacv/itrjt 
Xr/>(uni. 

The  mild  temperature  of  the  Arctic  is  further  evident  from  the 
occurrence  of  the  following  United  States  and  European  sjM^cies  at 
the  localities  mentioned  on  page  207 : — Chreteta  Lyeopenion^  Orthoefraa 
monUiformr  H.,  Ht'rrptaculUcs  NepUmi  De  France,  Ormnrerat  crfhrvtrf>tHiii 
U. ,  Huronia  vertebrali*  StokP!^  :  besides  Mnclnrea  Arcika  Haughton. 
near  the  Chazy  species  M.  magna.    Moreover,  the  formation  of  thick 
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strata  of  limestone  shows  tlmt  lifo  like  that  of  lower  latitucUs  not 
only  existed  there,  but  flourished  in  tropical  profusion. 

lU§,-—Etten»maiiim»,—'The  Ctuay  epoch,  mmmeiiottiMnl 
of  the  Trenton  period,  opened  with  a  new  fiuina,  wholly  di8> 
tinct  in  species  from  that  which  preceded  it.  At  its  close  these 
species,  with  few  exfei»tions.  disappear,  nn<l  the  Trenton  epoch 
beginii  with  an  independent  life.  Ho  facts  have  been  observed  to 
explain  the  nature  of  the  catastroi^e  that  intervenes  between  the 
two  epochs.  Such  a  tut  as  this — that  sinking  the  coral  islands  of 
the  Fteific  three  hundred  feet  would  destroy  the  reef-forming  Corals 
of  tho-o  islands — may  liave  some  bearing  on  the  sn})j<Tt.  The  geo- 
graphical changes  introducing  the  Hudson  period  appear  to  have 
bad  some  connection  with  the  partial  destruction  of  the  Trenton 
apedes  that  then  occurred.  A  large  number  of  species  are  conti- 
nued on  from  the  Trenton  into  the  Hudson  period  wherever  tlie 
rocks  of  tlie  latter,  like  those  of  the  former,  are  lime-atones.  But 
wlu  re  tlie  latter  are  shale?*, — that  is,  wherever  the  great  geogra- 
phical change  alluded  to  took  place,  which  we  have  suggested  may 
kave  been  a  subsidence  destructive  to  the  life, — ^there  the  species 
were  almost  wholly  changed,  and  a  new  fauna  appeared*  and  one 
fitted  for  the  muddy  l)nttom.  and.  therefore,  including  many  Con* 
chifers  with  the  Brachiopod.s,  and  but  few  Crinoids. 

With  the  clonic  of  the  Trenton  period  there  wa^  nearly  a  total 
sactinction  of  all  the  existing  species  throughout  the  great  interior 
continental  basin  and  the  Appalachian  region.  Not  over  mgjbi  or 
tsnsperi^'-^  art'  known  to  have  survived  through  the  changes  that 
followed  introdurtot  V  to  tliO  lJ|)j)(M*  Silurian.  In  the  eastern 
border  basin,  at  Aniuo.sti,  a  much  larger  number  of  .species  conti- 
vned  on»— at  least  thirty ;  and  there,  as  is  explained  beyond,  lime- 
itones  still  had  uninterrupted  progress,  while  firagmental  rodcs 
^read  largely  over  the  rest  of  the  continent. 

The  number  of  Lower  Silurian  species  that  are  known  to  have 
become  extinct  in  the  American  seas  from  the  beginning  of  the 
Fotidam  to  the  end  of  the  Hudson  period  is  about  850;  and, 
adding  400  for  undescribed  species  (which  is  not  too  large  an  addi- 
tion), the  whole  number  will  be  about  1250.  (Billings.) 

Many  genera  also  disappeared  in  thiH  time;  and  some  of  them 
are  enumerated  in  connection  with  the  obe^ervations  on  the  Pots- 
dam period.  Among  Holhisks,  the  genus  Ml^Atrea,  containing 
bijfe  species,  is  one  of  the  most  pttnninent.  But,  besictes  genera, 
a  whole  family,  in  the  case  of  the  On^ptolUOt  approaches  itn  extinc- 
tion. These  species  have  their  commencement  and  culmination  in 
the  Lower  Silurian.   Ne^irly  all  the  genera  of  QyUicUoM  also  become 
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extinct.  This  singular  type  of  Crinoids  had  its  climax  in  the 
Loww  SiloriMi,  thoaj^  not  its  ftuaX  eztinetioii.  After  this  ite 
speoiee  were  few ;  while  there  is  a  great  increase  of  Crinideans. 

^e  number  of  Lower  Silurian  species  knuwn  to  have  become 
extinct  in  Great  Britain  is  about  COO,  and  in  Bohemia^  aoointling  to 
Barrande,  300.   

Thus  Ihr  in  American  Geology,  no  evidenoe  has  been  detected 

of  (1)  fresh-water  lakes  or  depodts,  or  (2)  of  land  or  frejih-water 
life.  The  living  six-oios  liacl  lipon  mninly  Molluscan  and  Radiate*, 
because  tlif-o  are  the  wator-tyiM's  in  tlic  Animal  kingdom.  And 
with  them  were  ansociated  tlie  water-divisions  of  Articulates,-— 
Worms  and  Crustaceans;  but  not  yet  the  water-dirision  of 
Vertebrates. — Fishes.  The  world  liad  been  i)opulated  polely  by 
Molhisksand  Radiates,  Worms  and  Trilobites.  Tlic  continent  was, 
like  its  species,  submarine  in  its  mode  of  existence.  It  wa-s  already 
outlined,  and  in  it.s  iieavings  and  progressing  changes  its  coming 
features  were  shadowed  forth,— «ven  the  Appalachian  chain,  and 
the  great  lakes, — although  the  mountains  had  not  yet  a  foot  of 
their  present  height  above  the  seas,  mar  the  lakes  more  than  the 
beginnings  of  their  depressions. 

DISTURBANCE'S  CLOSING  THE  LOWER  SILURIAN  ERA. 

The  strata  of  the  Ivower  Silurian  in  North  America  appear  to 
have  been  spread  out  over  the  Interior  Continental  basin  in  liori- 
lontal  beds  of  great  extent,  and  td  have  followed  one  another 
without  much  disturbance  of  the  formations, — ^that  is,  no  upturn- 
ing that  exposed  outcropping  edges  to  be  overlidd  by  later  hori- 
sontal  deposits,  producing  thereby  uneoiiformabitUif.  In  the  Potsdam 
period  tliere  were  local  eruptions  of  trap  in  the  region  of  Lake 
Superior;  but  no  positive  evidence  of  dislocations  during  the 
Lower  Silnrian  era  is  yet  known.  The  period  that  witnessed  the 
gradual  accumulation  along  the  Appalachian  region  of  15,000  feet 
of  deposits,  we  are  sure,  was  long;  and  the  more  remarkable,  there- 
fore, is  this  exemption  from  catastrophe.  Yet  there  is  no  doubt  of 
extended  oscillations  in  the  water-level  over  the  continental  area. 
"Hie  rocks  haye  allbrded  clear  e?idenoe  of  an  indefinite  range  of 
shallow  waters  and  sand-flats  tiuroughont  the  great  interior  in  the 
Potsdam  period :  of  somewhat  deeper  waters  over  tlie  same  wide 
area  in  the  Trenton  period,  and  such  a  uniformity  of  moderate 
«lepth  as  admitted  of  the  formation  of  limestones  of  continental 
extent;  then  of  other  changes  of  level  in  the  Hudson  period. 
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vbidi  nude  shales*  fine  and  coane,  to  sneoeed,  and  alternate  in 

llw  interior  with  other  limestones.  But  tlie  (  huiiges  of  If  vel  in 
th<^  oscillations,  although  so  groat  alonj;  tlu-  Appalachian  rc^'ion. 
were  hut  genth'  iiiovfMin-nts  in  the  thin  crust  of  the  glnho  ;  and 
tiiey  may  Lave  been  partly  oceanic  as  well  as  continental ;  for  the 
«iter4erel  along  the  continents  would  sink  whether  there  were  a 
downward  movement  or  sinking  in  the  bed  of  the  ocean,  or  an 
uji^tanl  bending  of  the  land.  Bnt  after  the  Hudson  periotl  there 
Wire  ^reati-r  changes,  attended  with  violence ;  and  tlie  rocks  aiid 
country  bear  marks  of  that  violence, — probably  more  than  have 
yet  been  distinguished. 

In  Britiah  Amerieai  near  Oasp£,  on  the  Bay  of  St.  Lttwrence» 
xvording  to  Logan,  the  Lower  Silurian  lies  in  tilted  strata  Vieneath 
bed.*  of  the  Tapper  Silurian, — showing  that  an  upturning  had  oc- 
curred before  these  superior  beds  were  formed.  Similar  facts  have 
been  ohaerred  at  the  eastern  base  of  the  Qreen  Monntains,  where 
fimestonea  of  Upper  ^urian  and  l>evonian  age  rest  uneonform- 
•bly  on  the  altered  strata  of  the  Quebec  group;  and  at  Montreal, 
where  th«'  Tyower  Ileldcrbcrg  overlies  unconforniahly  tlie  Hudson 
bedfl.  The  origin  of  the  Champlain  valley  has  been  referred  by 
Logan  to  the  epoch  dotting  the  Lower  ffilnrian. 

The  following  section  (fig.  356)  baa  Wa  pablishcd  by  Logan,  in  illustratkm 
of  the  fault,  in  the  Appalachian  Mrie«,  in  the  vicinity  of  the  Falld  of  Mont- 
Boreney,  Jaat  eaat  of  Qacbec.  It  extenda  from  the  Montmorency  side  of  the 
9l  Lavnaee  aeross  the  aorth  ehaaad  sad  the  apper  tad  of  the  bland  ef 


F  it  the  fault;  1,  Azoic  gneiss  (Laurentian  of  Logan);  3,  Trenton  Umeatoae 
oreriying  the  Amlc :  4n,  Utica  yhalo.  und  4  6,  Hudson  Rivrr  ^'li.ile ;  2,  the  Que- 
bec group;  S,  S,  the  level  of  the  sea;  M,  the  position  of  Montmorency;  C,  the 
Vorfh  Chanoet ;  0,  Orleaas  Ifland.  The  horltontal  and  vertieal  Male  li  one 
inch  to  a  mile.  "  Tho  channel  of  the  Montmoreney  !■  OOt  through  the  black 
Ma  of  the  Trenton  formation  to  the  Laurentian  gneiss  on  which  they  rest, 
lad  tte  water,  at  and  hdow  the  bridge,  flows  down  and  aeross  the  gneiss,  and 
laips  at  one  bound  to  the  foot  of  the  preeipiee,  wUeh  laiiaediateljr  behind  the 
water  is  conipo.«e'l  i.f  this  rock."  The  Trenton  limentono  at  the  top  of  the  prc- 
sipiee  is  fifty  feet  thick  and  nearly  horizontal;  at  the  foot  of  the  prccipioo  it 
Hh  against  the  gaeiie  of  aaarly  the  laaie  thiekaai^  bat  dipping  at  an  angle 
•f  Sl^t  and  Is  OTsriaid  hj  shales  with  mbm  landitone  of  the  Uttoa  fomatloB. 
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Tho  Quebec  group  (Culcifcrous  epiM-k)  and  the  of  the  Trenton  anil  IlutUon 
periods  are  represented  na  having;  hcen  originally  laid  down  in  conformable 
strata,  and  aa  having  been  involved  together  in  the  folding  and  faulting  here 
illustrated.* 

In  Pennsylvania,  also,  according  to  H.  D.  Rogers,  the  Upper  Silurian  beds  of 
the  Kittatinny  Mountain  lie  unconformably  on  the  upturned  Lower  Silurian. 

In  Tennessee,  according  tu  J.  M.  SafiTord,  there  is  an  area  some  eighty  miles 
in  diuineter,  about  tlie  centre  of  tho  State,  which  was  probably  raised  above  the 
ocean  at  this  same  epoch  ;  for,  yi/-*/,  the  next  bed  of  rock  covering  it  is  a  shale 
of  the  Upper  Devonian,  tho  Upper  Silurian  and  all  the  Lower  Devonian  Iteing 
abiient,-  and,  »ecun<Uy,  the  nbicnt  rockf,  where  they  appear  around  the  area, 
thin  out  towards  it,  while  there  is  no  evidence  that  denudation  was  the  cause. 

In  Ohio,  about  Cincinnati,  there  is  a  large  region  where  the  Lower  Silurian 
Btrsta  are  surface -rocks,  owing  to  an  uplift ;  but  it  is  not  yet  known  whether  this 
exposure  was  a  consequence  of  a  disturbance  immc<lialely  after  the  funnation 
of  the  1>eds,  or  whether  there  were  subsequent  Silurian  and  Devonian  beds  which 
have  been  rcmuve<l  by  denudation. 

Besidos  these  changes,  thore  wa«  also  a  goneral  incroiuio  of  dry 
land  along  the  northern  l)ordor  of  tho  United  States  and  through 
Canada.  The  broad  band  of  Hudson  River  shales  shown  on  tlie 
map  (p.  170)  must  have  been  left  to  a  great  extent  exposed  by  an 
uplift;  for  the  next  d«'posits  do  not  cover  it,  and  it  is  not  jtrobable 
that  they  ever  did,  Tho  dry  lun<l  of  the  continent  was  gra<lually 
expanding  southward,  and  at  the  commencement  of  the  Lower 
Silurian  its  outline  in  New  York  lay  to  a  considerable  distance 
south  of  the  Mohawk  Uiver. 

Moreover,  the  great  St.  Lawrence  gulf  about  Ottawa,  where  tho 
Trenton  and  Hiulson  formations  liad  been  accumulati'd,  wjis  pro- 
bably nearly  obliterated  at  this  time;  for  no  rocks  of  more  reront 
date  occur  there,  to  prove  the  presence  of  the  sea,  until  the  Post- 
tertiary  period,  just  before  the  Age  of  Man,  excepting  the  small 
patch  of  Lower  IIelderb»«rg  near  Montreal.  This  region  of  <lry 
land  sprejid  eastward  from  Montreal  to  the  Appalachian  region 
in  Vermont,  which  region  also  was  ])robably  above  the  water-leveL 
Thus,  tho  St.  Lawrence  channel,  which  was  first  a  short  strait 
between  tho  Azoic  area-s  of  Canada  and  New  York,  had  become 
much  narrowed  and  lengthened  by  the  close  of  the  Lower  Silu- 
rian; but  it  still  opened  into  a  broa«l  oceanic  basin  near  the 
longitude  of  Quebec ;  for  both  Upj)er  Silurian  and  Devonian  strata 
were  formed  over  eastern  Canada  and  a  large  part  of  New 


*  These  facts  and  citations  are  from  the  paper  of  .Sir  William  Logan,  pub- 
lished in  the  Canadian  Naturalist  and  Geologist,  1861,  and  also  tho  Amer.  Jour. 
Soi.  [2],  xxxiii. 
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England.  The  eftstem  half  of  Vermotit,  as  the  rocks  show,  lay 
within  the  submerged  area;  and  lience  tho  emei>'onco  of  the 
westom  for  Appaluohiiin)  portion  had  been  small.  Lake  Champlain 
was  probably  defined  as  a  long,  narrow  bay  or  arm  of  the  St. 
Lawrence  sea. 

The  disturbances  opening  the  era  of  the  Upper  l^urian  were 

followed,  if  not  attended,  by  the  formation  of  a  coarse  conglome- 
rate along  the  Appalnohiiin  region,  which  is  (IfscnlM'd  !•»  yniul. 
Tliere  was  also,  as  lias  been  remarked,  a  nearly  complete  extermi- 
uation  of  the  living  species  over  tho  continent. 

In  Europe  there  was  also  a  period  of  disturbance  at  the  dose  of 
the  Lower  ffilurian ;  but  the  destruction  of  life  was  less  complete 
tlian  over  central  North  America,  and  corresponds  nearly  with 
that  in  the  eastern  basin  about  the  Gulf  of  St.  Lawrence. 

There  is  evidence  of  unconformability  between  the  Upper  and 
Lower  Silurian  in  some  parts  of  England,  and  the  elevation  of  the 
Westmoreland  Halls,  as  first  ascertained  by  Professor  Sedgwick,  has 
been  referr«'d  to  this  ciwch ;  so,  also,  that  of  the  mountains  in  North 
Wales,  and  hills  in  Cornwall,  and  the  range  of  southern  Scotland 
from  St.  Abb's  Head,  on  the  east  coast,  to  the  Mull  of  Galloway. 
Elie  de  Beaumont  refers  to  thb  era  the  elevation  of  the  Hundsrudc 
Chain  (now  about  3000  feet  high)  and  other  ridges  in  Nassau.  The 
(lianges  of  the  period  are  supposed  to  have  been  attended  in 
Knjrland  by  metamorpliic  action,  in  whi<>h  gneiss  and  clay  slates 
were  made  out  of  the  Lower  Silurian  deposit.s  by  some  process 
dependent  probably  in  part  upon  the  escaping  heat  of  the  epoch 
of  disturbance. 


B.  rrpPER  SILURIAN. 

Marine  life,  large  oceans,  small  lands,  and  warm  climates — the 
festares  of  the  Lower  Silurian— continued  to  eharactoise  the  open- 

u>g  perifxl  of  the  Upper  Silurian. 

The  periods  and  epochs  indicated  in  tho  New  York  rocks  have 
been  nientiom-.l  on  p.  108,    The  periods  are — the  NlAOAftA  (5),  the 

^XLISA  (G),  uud  tllC  LoHER  Il£LU£RB£RU  (7). 

1.  NIAGARA  PERIOD  (5). 

Spochs. — I.  OxEiDA  epoch,  or  the  epoch  of  transition  between 
the  Lower  and  Upper  Silurian,  when  the  Oneida  conglomerate  (5  a) 
was  formed;  2.  ICbdina  epoch,  or  that  of  the  Medina  sandstone 
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(5  h) ;  3.  Clinton  epoch,  or  that  of  the  Clinton  group  (5  c) ;  4. 
NiAOABA  epoch,  or  that  of  the  Niagara  shale  and  limestone  (5  </). 

1.  ONEIDA  EPOCH  (5  a). 

I.  Rocka :  kinda  and  diatrlbutlon. 

In  the  Interior  ConiinenUd  basin  there  are  no  Oneida  rocks,  except 
in  its  northeastern  corner.  The  Oneida  conglomerate  (5  a,  map. 
p.  170)  is  the  surface-rock  in  central  New  York,  in  Oneida  and 
Oswego  counties,  and  west  to  L>ake  Ontario,  lying  ju.Ht  south  of  the 
outcropping  IIudHon  River  beds.  It  is  20  to  120  feet  thick  in  thia 
region.  Going  eastward,  it  disappears,  being  ver)*  thin  in  Herkimer 
CO..  and  not  occurring  at  nil  in  the  Ilelderberg  Mountains  south  of 
Albany.  In  the  Appalachian  region  it  has  great  thickness.  In  the 
Shawangunk  Mountains,  in  southeastern  New  York  (which  are 
within  this  region),  the  rock  is  nearly  500  feet  thick,  and  is  culled 
the  Shawangunk  grit.  It  is  still  thicker  to  the  southwest,  in 
Pennsylvania,  being  700  feet  thick  in  the  Kittatinny  valh'y. 
it  continues  on  through  Virginia,  following  the  course  of  the 
Appalachians. 

The  rock  is  a  hard,  gritty  conglomerate  or  sandstone,  of  a  grayish 
color,  made  of  rounded  quartz  pebbles  and  sand,  or  of  coarse  sand 
alone,  very  firmly  cemented.  It  is  so  rough  in  surface  us  to  serve 
for  millstones :  the  Esopus  millstones  are  made  of  it.  The  firm- 
ness of  the  rock  contrasts  strikingly  with  the  loose  texture  of  the 
Medina  sandstones. 

In  the  Eastern  border  region,  at  Anticosti,  there  are  no  signs  of  the 
Oneida  conglomerate ;  but,  instead,  the  limestones  referred  to  th»* 
Hudson  period  are  followed  uninterruptedly  by  other  lime8ton<'s. 
which  are  continued  even  into  the  Clinton  epoch ;  and  in  thi*i 
case  the  Oneida  epoch  has  probably  .some  representation  among 
the  beds.  But  it  is  more  probable,  aeoonling  to  recent  invest ij^a- 
tions,  that  these  limestones  are  wholly  Upper  Silurian,  and  belong 
to  the  following  epochs  of  the  Niagara  period. 

In  the  Shawang^unk  Mountains  there  are  two  sygloniB  of  joints,  trending 
S.  20°  W.  and  S.  60°  E.  (Mather).  The  TUtcr  load  and  copper  mine  near 
Redbridgo  is  situated  in  this  rock  :  it  \\ti*  afTordi  d  ]argc  masxcs  of  galena  and 
copper  pyrites,  with  blende,  but  is  not  worked.  The  Ellenville  and  Shawangunk 
mines  are  others  of  similar  character  in  the  griL 

n.  Life. 

The  only  known  fossils  are  Fucoids  (Sea-weeds)  and  a  few  im- 
perfect, undetermined  shells.    One  of  the  Fucoids  resemble.s  the 
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Fueciuks  (Arlhrnp/ti/aix)  Harlani,  fig.  358, — si  vory  common  fossil  in  the 
Mediaa  sandiitone.  it  hulUceu  to  prove  that  the  Oneida  epoch  is 
more  closely  related  to  that  following  tban  to  the  preoeding;  end 
hcnoe  belongs  to  the  Upper  SUurian  era. 


In  the  Initrwr  Condnenlal  batiti  the  Medina  formation  in  not  known, 

excoptinjr  to  the  northeast.  It  occurs  in  western  New  York,  over- 
lyinj:  tlu"  <  )nfM<hi  oonglomerntc ;  towards.  Uticii  it  thins  out,  and  is 
not  known  easit  of  tliere.  On  the  Niagara  the  beds  liavc  a  tiiick- 
ncss  of  350  to  400  feet.  It  spreads  northwest,  and  has  been  recog- 
nised as  far  as  the  Straits  of  Haolcinac. 

Along  tlie  AppalackiaA  it  extends  !«outh  through.  Penn- 

sylvania and  Virginia,  where  in  some  places  the  beds  are  over  15U0 
feet  thick. 

The  rocks  are  argillaceous  sandstones,  and  marls  of  red,  gray,  and 
mottled  colors.  The  sandstones  are  thinly  laminated,  ss  is  usual 

when  much  argillaceous,  and  in  general  aro  quite  fragile. 

In  till"  Ea.--i.trn  Imnhr  rfjinn.  jit  the  island  of  Anticosli,  just  north  of 
Novji  Scot  ill,  limestones  lollow  those  rd'ei  r<'<l  to  the  Hudson  i»fiiod, 
without  interruption  ;  tlte  straUi,  according  to  the  description  in 
Iio^sn's  Ganadian  Ke|>ort,  have  a  thickness— reckoning  from  the  top 
of  the  beds  of  the  Hudson  period,  up  to  those  which  are  regarded  of 
the  Clinton  epoch  which  follows  the  Medina — of  700  feet ;  they  are 
»Si\<\  to  contain  Rl>out  tliirtv  -peeies  of  fos>iIs  conunon  to  the  Lower 
and  Ui)i>er  Silurian,  an<l  are  described  as  hed^  of  passage  between 
the  two  eras :  but  according  to  Shaler,  all  the  beds  of  the  lime* 
stone  formation  are  Upper  Silurian. 

The  relation  of  tbo  Medina  gr<*u)i  to                       Fig.  367. 
the  overlying  Clinton  and  Mugara  A 


the  Clinton  group  {be);  luid  7,  8,  iho 

Niagara  group  (ft  — 2  boing  a  grit  rock,  3  and  5  shales,  4  and  6  lineilona,  7 
shale,  and  8  limestone.    The  whole  height     at)<>ut  400  foct. 

Tb«  foUowing  figure  (367  Aj  represents  a  section  of  the  rocks  along  Niagara 
Birar,  Aroni  tha  bfaiff  at  Lawistoa  (L)  to  tha  Valla  at  V,  pasting  by  Am  Whiilpool 
at  W4— a  distsass  of  asvon  nUos. 


2.  MEDINA  EPOCH  (6  b). 
X.  Rocka :  ktads  and  distribution. 


groups  is  well  illustrated  in  one  or  two 
soetions  from  the  wcclern  pnrt  of  the 
State  of  Now  York.  Fig.  '.ibl  rcpro- 
asnts  tha  rooks  at  Oanoseo  Falls,  near 

RfK-ho-'tcr.  The  lower  strata,  1,  2,  are 
the  Medina  samlstonc  (5  6);  3,  4,  5,  A, 


Section  at  Oene««e  Falls. 
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In  the  b«dg  at  Lewiston  there  are  ei't/ht  strata:  1,  2.  3,  4,  belong  to  the  Medina 
group,  and  oonaigt — 1  aDil  3,  of  shaly  sandstone;  2  and  4,  of  hard  sandBtuue;  5,  m 
shale,  and  6,  limoxtone,  are  of  the  Clinton  group  ;  7,  a  ohale,  and  8,  limestone,  of 


the  Niagara  group.  The  dip  is  up-stream,  as  in  the  figure,  but  is  only  fifteen 
feet  to  a. mile. 

Where  fullest  developed  in  New  York,  the  Medina  group  includes  four  divi- 
sions, as  follow : — 

4.  Red  marl  or  shale,  and  shaly  sandstone,  resembling  No.  2,  below ;  banded, 
and  spotted  with  red  and  green. 

3.  Flagstone, — a  gray,  laminated  quartzoso  sandstone,  called  "gray  bond." 

2.  Argillaceous  sandxtono  and  Bhale,  red,  or  mottled  with  red  and  gray. 

I.  Argillaceous  sandstone,  graduating  below  into  the  Oneida  conglomerate. 

In  the  Genesee  section  (fig.  Iih7)  the  strata  1  and  2  correspond  to  2  and  3  of 
these  divisions;  and  the  Niagara  section  contains  2,  3,  and  4. 

Structural  peailiarilies. — The  be<ls  bear  evidence  of  having  been 
formed  as  a  sand-flat  or  roef-aocunmlation.  Besides  the  thin 
I  imination  alluded  to,  they  abound  in  ripple-mark c<l  slabs  (fig.  02) ; 
mud-cracks  {figs.  G4, 05),  due  to  sun-tli ving  ;  wave-lines;  rill-marks 
about  stones  and  shells  (fig.  03) ;  and  diagonal  lamination  (fig.  01  c), 
an  effect  of  tidal  currents.  Fig.  G.t  is  drawn  from  a  slab  of  Medina 
sandstone.  All  these  peculiarities  evince  that  the  accumulations, 
while  forming,  \vere  partly  in  the  face  of  the  waves  and  currents, 
and  partly  exposed  above  the  waves  to  the  drying  air  or  sun  and 
to  the  rills  running  down  a  beach  on  the  retreat  of  the  tides  or 
waves. 


Searweeds  are  common,  and  especially  the  Fucoid  Arthrophynu 
Harlani  (fig.  358).  The  stems  are  transversely  furrowed,  and  look  a 
little  as  if  jointed, — to  which  peculiarity  the  name  alludes  (from 
ap6poVf  a  joint,  and  ^Kog,/ucM,  a  kind  of  leatheiy  sea-weed). 


Fig.  357  A. 


Section  alonK  the  Niagara,  from  the  FhUs  to  Lcwiston  Height*. 


n.  Life. 


1.  Plants. 
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2.  Animals. 

The  arenaceous  and  shaly  character  of  the  beds  is  unfavorable 
for  liacliaks,  and  only  a  rare  coral  or  Crinoidal  fragment  has  been 
met  with. 

Figs.  358-383. 


I^IM,  Arthropbycus  UarUni ;  360, 1.injnila  nineatA;  300,  ModJolopsi*  orthnrjKta;  S61,M.r 
pfitnSscQiaa ;  3(i2,  rioorotomarla  Uturoa;  3C3,  Ilucanlii  trilulmtu. 

Of  MoHushs,  the  most  common  species  is  the  Brachiopod  Linffula 
omtata  (figs.  359  and  GH),  which  sometimes  thickly  covers  large 
surfaces,  and  is  a  good  mark  of  the  ei)Och. 

Among  the  few  other  vpecics  there  are  the  following : — Fig.  360,  ilndiolopnt 
ortkomoln  i  361,  JU.  f  prtmifftuitf ;  3(52,  PUurotomaria  litorea  H. ;  363,  Jiucania 
triit.batn,  difTcrent  viewi*.    Orlkoeemta  are  occaj<ionally  met  with. 

The  only  Cruatacean  dencribed  ia  the  Ostracoitl  Leptrditia  cylimirica. 

The  Medina  epoch  is  closely  related  in  its  rocks  and  fossils  to  the 
Clinton  epoch. 

8.  CLINTON  EPOCn  (5  c). 

Z.  Rocka  :  kinds  and  distribution. 

The  Clinton  rocks  have  a  wide  range  over  the  country.  In  the 
Inlrrior  Cord'mcntal  basin  they  fail  in  New  York  on  the  Hudson  ;  but, 
commencing  near  Caujyoharie,  tliey  stretch  westward  across  the 
State  beyond  Lake  Ontario,  through  Canada.  They  occur  farther 
west,  in  Michigan,  Ohio,  and  the  States  west,  to  the  Mississippi,  and 
perhaps  also  beyond  the  Mississippi,  in  Iowa.  The  formation  is 
200  feet  thick  in  some  parts  of  Now  York ;  to  the  west  it  is  very 
thin,  and  in  the  States  bordering  on  the  Mississippi  it  is  seldom 
recognizable. 

in  the  Appalachian  region  the  strata  have  been  observed  in  Ponn- 
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qrlvonia,  Yirginia,  and  Alabain*.  The  thicknefla  in  the  first  of 

these  States  is  in  some  plac  es  2000  feet. 

The  rocks  in  New  York  and  aloiifi  tlio  northern  border  of  the 
United  States  uro  mostly  shaly  sancl.stont's  or  Ha>rs  and  shah's,  with 
some  layers  of  limestone.  But  in  the  Michigan  peninsula,  and  to 
the  louthy  limestone  predominetet. 

The  Muidstone  is  often  quite  hard,  and  much  of  it  has  the  surface 
uneven  from  knohby  and  vermiform  prominences,  some  of  which 
are  (hio  to  Fnroids. 

In  many  regions,  as  in  central  JSew  York,  Ohio,  and  Wisconsin, 
(here  are  one  or  more  fliin  heds  of  red  argillaoeoiiB  iron-ore^  called 
lenHeular  ore,  from  the  small  flattened  grains  which  compose  it. 

In  the  Eadem  border  region,  at  Atiticosti  Island,  the  limestones 
of  thi-i  period  nro  several  hundrod  feet  thick.  Sliales  With  lime> 
stone  occur  in  northern  Nova  Scotia. 

a.  Interior  Vo»t{H9»uU  bonu, — Oo  Uie  GenssM  (see  fig.  357,  p.  231),  the  Clinton 
groap  oonaiats  of,— 

(1.)  24  f«tt  of  fr*m  tftafa,  of  vhieh  the  lower  part  is  shaly  aandstoae  and  the 
■pper  part  an  imn-ftrr  bed  ;  (3.)  14  feet  of  liinci'tunc,  cullcil  Pnttamrnu  limtatmte 
from  a  ebnraoterUtio  TomU  ;  (3.)  24  feet  of  green  thale  /  (4.)  18^  feet  of  UmsstOBe^ 
ealled  the  upprr  KtuHomt, 

On  the  Niagara  (lee  seotion,  fig.  357  A,  p.  233),  there  is  only  a  shale  4  feet 
thick,  vilhont  the  iron-ore,  overlaid  hy  a  liinenfune  stratum  25  feci  thick, — tlii< 
limestone  oorresponding  to  tbo  Ibreo  upper  divisious,  and  \Vs  upper  2U  fc«t  to  the 
qpper  Itmesteaei  To  the  eastward,  in  Oneidi,  Harkiarar,  and  MoBtgoiMr7 
counties,  the  rock  is  lOU  to  200  feet  tbiek^  and  indudes  nu  limestone,  though 
partly  caloareous.  The  group  consiats  of  shale  and  a  bard  grit  or  aandatone 
in  two  or  more  altematioos,  along  with  two  beds  of  the  lenticalar  iron-ore. 
The  flattened  gr^ns  making  np  this  ore  are  eoaeretloas  like  those  of  an  ooUtew 
Near  ('.iiiMjnharie — which  is  not  far  from  Its  eastern  limit  the  formatim  hnn  a 
tbickaesa  of  50  feet.  In  tbo  town  of  Starkville,  Herkimer  CO.,  the  rock  contains 
a  good  bed  of  gypsnm. 

In  Ohio,  the  Clinton  group  is  recognized  by  ita  Fncoids,  overlying  the  Blue 
limestone  of  Cincinnati.  In  Wiseoasia*  the  bed  of  lentiealar  iroa'Ors  is  4  to  10 
or  even  16  feet  tbiok. 

In  Miohlgaa,  south  of  Lake  Snperior,  and  ahoat  the  northeaateiu  shoroi  of 
Lake  Michigan,  the  rocks  arc  limentone  with  bud  sandstones  and  .xhales  Ilka 
tboBO  of  central  New  York.    The  thickne!<i<  in  the  peninsula  is  51  feet. 

i.  Appnlaekiam  region. — In  Pennsylvania,  Prolessor  Rogers  divides  the  rook 
Into  (l)alewer  slate,  whieh  at  Bald  Bagle  Meaatala  Is  700  CNttUek;  (t)  ife». 
sandstone,  80  feet  in  the  Kittntinny  Mountain  ,  (S)  npper  slata^  100  to  360  feet : 
(4)  lower  ahale,  100  to  2:<0  feet;  (/i)  ore-aandatone.  25  to  110  feet;  excepting  the 
last,  these  strata  augment  in  thickness  to  the  northwest;  (6)  upper  abale,  120 
to  SM  feet,  wUeh  thlekeaa  to  the  northwest;  and  (7)  red  shale  or  auui,  075 
feet  thick,  at  the  T<ehii,'h  W;it<T  Gap.  The  formation  spreads  noronji  thr 
State  "  from  the  northwest  flank  of  the  Kittatiaay  Mountain  to  the  similar 
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slope  of  the  lut  nuin  ridge  of  tlw  foot  of  the  Alleghany  IfouoUiBe."  (H.  J>. 

«.  Ea$ttm  bordtr  rttfim. — ^The  total  thiekii«n  of  the  eerie*  of  llneetoiMi  >t 

Antico»ti  is  1344  feet.  Of  this,  734  feet  have  heen  sup|Ki8eil  to  "  Axfw  a  peaiage 
frvB  the  Upper  to  the  Lower  .Silurian."  (J.  Ui<-li»rd«on.  in  Logan's  Ueport.) 
Bet  eeeordiBg  to  8heler,  the  whole  Mries  beloagti  to  the  Upper  Siluriaii,  and  it 
•xtende  into  the  Niagant  epoeh. 

In  Nova  Sootia,  as  <lc»<rihe<i  }iy  Dawfin.  the  strata  occur  on  thr  nnrtlicm 
eoML  At  Ariaaig,  where  the  rocli»  arc  .-hiiles  and  limestone  and  have  a  thick- 
Met  of  about  500  feet,  foesile  occur  thr<ni);h  the  formatioii  and  are  very  abandant 
in  the  iipi>er  ur  more  caleareoua  part.  At  the  East  River  of  I'ictuu  there  are 
alfo  ;late!i  an«l  I'silcarcoiis  l)uni|!<.  prohalily  of  thir'cjuioh.  They  inchiilc  a  "li-j)o<iit 
of  oolitic  in>n-wro,  like  that  of  the  Clinton  rocks  of  central  ^'ew  York,  which 
ia  MM  ^aeea  haa  a  thiekaeee  of  40  feeL 
8e«tk  «f  the  St.  Lawrenae^  Clinton  bade  oeenr  «a  the  riT«r  Cliotta. 


n.  Life. 

Thp  rnr  ks  of  the  Oneida  an<l  M^ilina  oporJiu.  ns  thoy  afl'oni  but 
ftw  fossils,  ^'ivo  no  assuranrf  tliat  tin-  waters  hud  boon  fully  rt'sii]> 
plied  with  life  after  the  destruction  that  closed  the  Lower  Silurian. 
But  in  the  beds  of  the  Clinton  epoch  foosiU  again  abound,  and  the 
Niagara  strata,  which  follow,  bear  ftdl  testimony  to  a  populous 
globe. 

1.  Plant'<. 

Great  mirnhors  of  Fuemdx  occur  in  tlio  Clinton  beds  of  central 
New  York,  differing  from  those  below.  They  are  of  varioui*  diar 
meters,  from  the  siseof  a  finger  and  larger  to  ^. 
that  of  a  thread. 

One  of  the  most  characteristic  .specioc  is  r»> 
prese  nted  in  fig.  364.  No  traces  of  land-plantti 
are  known. 

2.  Anmu^. 

Many  of  the  limestones  were  coral  neh,  and 
abound  in  corals,  a  few  of  which  are  repre- 
f^onted  in  figs.  3fi5>-368.     Oraptolites  (figs. 

?.ft9,  P>C>0  a)  continue  in  the  wat<»rs  over  the 
muddy  bottoms,  but  t!ie  genus  licre  became 
extinct.  Brachiopods  were  common :  among 
them  the  genus  Pentemtnu  has  here  its  earliest 

species,  and  P.  oAA    /     (fig.  1*71)  was  especially 
abundant.    Tlic  tr;vcks  of  some  of  the  Mollusks     Kmopbycot  bllotiatue. 

are  found  on  some  layers.  Fi^.  381  is  a  portion 

of  one,  reduced  one-half:  it  resembles  the  track  made  in  the  mud 
by  some  Unios.    Fig.  382  represents  what  is  supposed  to  be  the 
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trail  of  a  sen-worm,  or  Annelid,  reduced  one-half.  There  were  also 
^)rthocerata  and  Trilobites. 

Charactrristie  Species. 
1.  Radiates. — (n.)  PottfjM.—F'x^t^.Mb,  36fi,  Zapkrentin  (Cnntnin)  bt'lateralii  ; 
367,  PaiKocyclu$  rotiiioidet,  different  ricws.  from  New  York;  368,  a  branching 

FigH.  3fi5-369. 


RAStATEfl.— FiK«.  365,  306,  Zaphrmtiii  bilaterali<< ;  34)7,  I>alii>oc.TcIiM  rotuloidcs;  366,  a,  Ch»- 
tetca;  34)l«,<i,  (imjilolitLuit  CliDtoiieu»iii. 

Chmtele:  (6.)  Aealrph*. — 369,  a,  Graptolithut  Clintouenti't.  (e.)  Ecktnodemu  : 
VtinnidM. — A  few  speciea  are  known  :  fragments  are  common,  and  they  arc  often 
found  in  the  iron-ore  a«  well  aa  in  the  limestones. 


MoLLrsKS.— FiK».  .T70,  a.  Fenc.ilelU  T  princ*;  S71.  Pontamenu  obInnKii«;  372,  373,  part  of 
CMtj*  t>f  the  interior;  374,  376,  Atrypa  reticularis;  37ft,  377,  Athyrii  (formerly  Alrypa) 
<-<>iif;(itta;  378.  Cbont'tc*  cornuta :  379,  Avirula  rhomlioidpa :  380,  Cycloncma  canroUnta; 
••Wl.  tnw  k  of  a  Bivalve  (  X     ^ :  ^fS.         of  »n  Anneli.l  ?  (  X  J4  )• 

2.  MolluakS. — (a.)  £>yosvaH«.— Fig.  370,  FeuetuUa  f  pritea. 
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(k)  Brackiopod*. — There  are  •pecies  of  Lingnla,  Orthis,  Lcptajna,  Rhjncha- 
Mlla»  8pirlf«r,  and  alio  «f  the  n«w  gmurm  for  Aneriea,  dMcfw  and  AnteiRcrm. 
Fi^.  371.  Prntttnurw)  ofiloutjiit ;  MiiM  spcciuicnfl  arc  more  than  fwire  the  size  of 
this  figure,  and  very  thick ;  it  i«  abundant  in  New  York  State  and  the  West,  and 
oeews  also  in  Britain ;  figs.  372,  373  show  casts  of  tlie  interior, — 372  a  donal 
view,  and  373  a  rentraL  Figs.  974, 375,  Atrjfpa  retieutaritf  or  a  related  species  | 
the  A.  reticnfnrin  i.<  rpjMitcd  to  cxten'!  fhroiigh  the  Niogara  period  into  the 
Hamilton  of  the  Devonian;  but  more  than  one  species  are  probabljr  here  in- 
dadad ;  thla  alao  li  a  foreign  spaeias:  it  if  ona  of  tha  few  ipaoias  of  tnM  Atijnia; 
dw  iaterior  of  tke  nhell  ia  ehown  in  fig.  215.  Fig.  376,  AthyrU  f  eon^eHat  flg. 
S77,  saoM^  different  view, — it  has  a  spire  witliiD,  extending  downward  and  out- 
ward; llg.  S78,  CkoHettt  eormtita  Koninok. 

(e.)  OMwAt/cr*.— Fig.  879,  Avietila  rkmiAoidta  H. 

(d.)  G  ft  liter  ttpod*. — Fi.r.  I'si).  (\ifrl,,„ri,i/i  ciinrtflata  M.  AHNnn'a  tn'leteto  of  tha 
Medina  also  oocnrs  hero,  besides  other  Univalvoi, 
(c)  Cepkaiopodt.—'Thtm  are  a  Orftotemta, 

,  3.  AxtloiiUitM. — Romtiaa  of  Trflobltea  of  the  geniia  AlBnaleaofNt,  and 

of  the  ^:>l^l-  npecies  figured  under  the  Kia^rar.i  epoch.    Traolts  or  ioratehes  occur 
which  have  been  referred  with  good  reason  tu  Crustaoeau,  basidaa^ottaon  illio 
If.  382,  that  are  attributed  to  Worms. 
Amng  the  Cliaton  species  are  the  following  from  the  Lower  Silurian : — OrtAis 

Lfnx,  I.rptitHa  tfricea,  Bellerophon  bilof>atit».  The  following  are  known  in 
Europe : — Ortkit  Lj/nx,  Ckonelet  corumta,  Atrif^a  retieulai-i§,  A.  kcmitpktrica,  iipi' 
rtjArratftoiM^  AnfaaMmt  oMof^par. 

NIAOABA  EPOCH  (6  4). 

I.  Rocks :  kinds  and  dlatrlbutlon. 

The  Niagara  and  Clinton  epocli-s  had  several  points  of  8imilarity. 
(L)  The  fbnnatioitt  tiim  out  to  the  eestwerd  in  New  York.  (2.) 
The  rodu  are  ahalca  and  limestone,  but  the  letter  inereeaea  in  pro- 
portion in  central  and  western  New  York,  and  becomes  tho 
prevailing  material  of  the  fonnation  thioufih  the  interior  of  tlie 
Mii»issippi  basin,  while  along  the  Appalacliians  in  Pennsylvania 
end  farther  aouth  the  rocks  are  almost  solely  shales.  (3.)  A  oon- 
aderable  number  of  the  Clinton  foasils  reach  up  into  the  Niagara 
fonnation. 

On  the  contrary — (1.)  The  Nia<:ara  beds  spread  more  widely 
over  the  continent. — occurring  through  a  large  part  of  tlie  Interior 
Condiunial  basin,  from  New  York  to  beyond  the  MisBissippi,  and 
ftmn  Michigan  to  Tennessee,  as  well  as  along  the  ^i^HilaMm  regikm 
in  Pennsylvania  and  Virginia  to  Alabama;  also  at  various  places  in 
the  Arctic,  and  in  other  parts  of  British  America,  as  on  the  borders 
of  Hudson  Bay,  (2.)  The  great  majority  of  tho  species  are  not 
found  in  the  Clinton  beds,  and  the  iipecies  are  more  generally  clear- 
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water  species,  as  Corals  and  Crinoids.  (3.)  The  Niagara  epoch  was 
eminently  one  of  the  limestone  epochs  of  the  American  Silurian. 

The  limestones  are  usually  made  up  of  fossils,  and  are  often  mag- 
ncsian.  In  western  New  York,  near  Niagara  Fulls,  there  are  IdS 
feet  of  limestone  (directly  at  the  Falls,  85  feet)  overlying  80  of 
shale  (fig.  357  A);  and  the  undermining  of  the  limestone  by  the 
falling  waters,  which  readily  remove  the  shale,  is  the  occasion  of 
the  slow  retrocession  of  the  Falls.  Along  the  Appalachian  region 
in  Pennsylvania,  the  beds  have  a  thickness  exceeding  1500  foot, — 
thus,  like  the  earlier  formations,  surpassing  many  times  in  extent 
the  beds  of  the  interior  basin. 

a.  Interior  Contiuental  hatiii. — At  Rochester,  K.Y.,  there  are  about  SO  feet  of 
limostone,  overlying  80  of  flhalc.  Fairthcr  caotwnrrl,  in  Wtiync  co.,  the  lime- 
fitono  is  30  or  40  feet  thick,  and  in  Cayuga  co.  still  Ims.  The  formation  thins 
out  altogether  in  Herkimer  co. 

In  the  States  west  of  New  York  the  limeirtono  lic/i  directly  upon  the  Clinton 
limefftonc.  In  the  peninsula  of  Michigan  the  thickness  is  about  100  feet 
(Winchcll).  In  Ohio,  Indiana,  and  Iliinoiv,  this  rock  and  the  Corniferous  over- 
lying it  hav«  been  callc<l  the  Cliff-limentoHf,  because  it  often  stands  in  bold 
bluff's  along  the  rivcr-valloys.  Such  bluffs  arc  a  common  feature  in  all  lime- 
atone  regions  where  the  strata  arc  nearly  horizontal  and  in  heavy  beds. 

In  the  Helderbcrg  Mountains  there  is  a  layer  of  limestone  25  feet  thick,  called 
Coralline  limettone,  which  boa  been  referred  to  the  Niagara  epoch.  It  baa  been 
suggested  that  it  should  bo  united  rather  with  the  overlying  formation. 

b.  Appalnchinn  region. — In  Pennsylvania  the  formation  consists  of  two  dis- 
tinct deposits  of  marl  or  fragile  shale.  The  lower  is  about  450  feet  thick  where 
most  developed,  near  the  middle  belt  of  the  Appalachian  zone,  and  decreases 
both  to  the  southeast  and  northwest.  The  upper  deposit  is  1200  feet  thick 
in  the  northwest  belt,  and  declines  to  the  southwest  (H.  D.  Rogers).  These 
strata  may  include,  besides  the  true  Niagara,  strata  of  the  Salina  or  Salt- 
groop  period. 

e.  Eailem  border  retjinn. — The  Niagara  limestone  is  supposed  to  occur  in 
eastern  Canada  some  distance  south  of  the  St.  Lawrence,  in  the  cnunie  of  a 
limestone  belt  running  Wtween  northern  Vermont  and  GaspC-  on  the  gulf;  but 
it  has  not  yet  been  identified  with  certainty. 

Near  New  Canaan,  in  Nova  Scotia,  there  arc  clay  slates  of  the  Niagara 


rf.  Arctic  reginnt. — In  the  Arctic,  the  Niagara  limestone  has  been  observed 
between  the  parallels  of  72"  and  76°  on  the  shores  of  Wellington  and  Barrow's 
Straits,  and  on  King  William's  Island.  The  common  Chain-coral  Uuljftite* 
{Catenipora)  catenulnia  has  been  found  at  several  localities,  along  with  other 
Upper  Silurian  species.    (Sec,  further,  p.  242.) 

The  color  of  the  Niagara  limestone  is  commonly  dark  bluish-gray  to  drab. 
It  ia  sometimes  quite  impure,  and  good  for  hydraulic  purposes.  A  specimen 
from  Makoqueta,  Jackson  co.,  Iowa,  afforded  J.  P.  AVhitney— carbonate  of  lime, 
52.18,  earbooate  of  magnesia,  42.64, — with  0.35  of  carbonate  of  soda,  a  (race  of 
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ftttA,  caibMMto  of  farm,  •UoriBfl^  moA  mlpfanto  ad^  •.•8  of  aliiBliia  ud 
ie*4]aiox7d  of  iroB,  aad  4.00  IoioIbUo  in  add,— mkiag  it  mtutfy  a  tnw  io« 

lomite. 

The  (tniclure  of  the  limestone  ia  often  nodular  or  concretionary.  In  Iowa 
•b4  MB*  other  |Mrt«  of  tlio  Wetttho  rock  aboanda  in  ohert  or  hornitono,  whieh 

if  njually  in  layers  coinci'lcnt  with  the  l>cd<ling,  like  flint  in  ch.-ilk,  and  the 
fmila  are  all  •ilieeous.  At  Lockport,  N.Y.,  cavities  in  the  liiucatonc  afford  (inu 
■yitalHwitioiBt  of  dog-tooth  tpar  (ealoite;  and  pvurl-cpur  (dolomite),  with  gyi>- 
MB,  «od  oeearionally  celestinc,  and  still  more  rarely  a  oryKtal  of  floor.  Tho 

limcsfnne  f'ometimes  breakti  vertically  with  finotptli  iM.luiiinnr  siirfii<-er<, — a  jifcn- 
Uarity  which  has  boon  aliributeU  to  the  crystallization  of  a  foreign  substance. 

n.  Life. 

Corals  and  crinoidal  remains  nrr  so  altunflmt  in  tli<-  Niagntu 
limestones,  and,  in  many  places,  so  lar  make  up  tlic  ro<-k,  tliat 
the  bed»  have  been  well  called  old  coral  reefs.  The  variety  of  life 
about  the  reeb  was  very  great.  We  find,  besides  the  flowering 
Corals  and  the  slender-rayed  C'rinoids,  great  numbers  of  Brachio- 
pods,  some  Conchifers,  larjie  Oi  thocerata,  and  many  new  kinds  of 
Trilobites.  There  is  no  evidence  of  any  fishes,  and  none  of  life 
over  the  land  or  in  fresh  waters. 

Figs.  383-388  represent  some  of  the  Gonds.  Fig.  383,  one  of 
the  Gap-oorals;  fig.  385,  Ht^tUet  eatemUatOt  projecting  above  the 
limestone  in  which  it  is  imbedded, — it  is  often  called  Chain-coral^ 
from  the  appearance  in  a  tnuisvme  section ;  fig.  384,  FavosUes  iVio- 


Figs.  38S.3(W. 


Omois — Fi(r.  3S3.  Clioiii.].tiynnin  Niauiin  iist< ;  .1S4, a,  FavositL-s  M.-iKiirensis;  .185,  UalyillM 
catcnulatn;  :i86,  3.S7,  Heliolitcs  BpiniporA;  388,  8tronmtf«|)«)rn  roncentrlm. 


garfmui,  a  Coral  of  a  columnar  structure,  with  horizontal  partitions 
in  the  cells.   Three  ou|  of  the  many  fine  Crinoids  are  represented 
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in  figs.  3ft0-301 ;  Brachiopods,  in  figs.  392-404 ;  Conchlfers  an<l 
Gasteropods,  in  figa.  40;>-407  ;  Ti  ilobitea,  in  figs.  4f>8-411.  Pcnta- 
menu  oblongus  of  the  Clinton  epoch  (fig.  371)  is  abundunt  in  the 
Niagara  limestone  of  Wisconsin  and  Iowa. 

C/iaracifTutic  Species, 

1.  Radiates  («.)  Polyp*  (Coralu).— Fig.  383,  ChonnphyUum  Singnrrnne 

(Conophyllum  of  Hall,  a  genus  first  published  in  1852,  two  years  after  Chono- 
pbylluin  by  Edwards);  384,  Facutite*  \iafjareH»i* ;  384  n,  surface  of  same, 
enlarged,  showing  outline  of  cells ;  385,  Halt/iile*  cntettMlata ;  380,  Heliolitrt 
apinipora  II.;  387,  an  enlarged  view,  showing  the  12-rayod  cells  and  the  int«r- 
ral  of  •  cellular  character  separating  them,  both  of  which  are  distinguishing 
characteristics  of  the  genus  Ilcliolites  ;  388,  Stromainpnra  coiiceutrica. 

(b.)  Echiiutdermt, — Fig.  380,  Ichthyorri'ntH  lirvit  Conrad,  a  species  which  is 
8oroetime.<<  twice  as  large  as  the  figure;  390,  Caryovrinnt  oruatm  Say,  of  Lock- 
port,  the  nut-liko  shape  having  suggested  the  generic  name  (from  Carya,  the 
hickory-nut);  391,  SfephnnoeriHu*  angiilatun  Conrad,  of  Lockpurt;  n,  part  of 
the  stem,  enlarged;  b,  joint  of  the  stem,  top-view  :  c,  base  of  the  body,  showing 
the  three  pieces  of  which  it  consists.  Also,  fig.  156  (page  148),  the  Cystid 
CaUoeytitet  Jewettii  H.,  aod  fig.  154,  the  Star-fish  Palttaittr  NiagartHti*. 

Figs.  389-391. 


CuNoiDS.— Fig.  389,  Icbtbyocrlnns  IrtJs;  390,  CHryocrlnos  omatus;  301,  a,  b,  c,  Stepbano- 

criuus  ougulatus. 

2.  Mollusks — (n.)  Bryotonnt. — Many  species  of  delicate  corals  of  the 
genus  Fenettella,  resembling  fig.  370,  and  of  other  genera.  ('>.)  BraekiopotU. — 
Fig.  392,  ^irrojuAomr/ia  rvyotn  ;  393,  Lrptmnn  trnwrertnli't  Dolman;  394,Atrypn 
Hodottrtata,  the  Niagara  form  of  this  species;  395,  same,  sido-riew;  396,  J/c- 
rittn  nitida  ;  397,  Pentameru»  interplieatui  ;  398,  a,  RhynvhonrVa  runenia  ;  399  a,  h, 
Leptocuelin  ditparilit ;  400,  Orthi*  bilobui ;  400  a,  same,  enlarged ;  401,  Spiri/er 
JfiagarentU  ;  402,  same,  side-view ;  403, 404,  Sp.  iHlcntitt.  Among  these,  all  but 
the  Leptoftrtia  difparilit,  Atrypa  nodoHrinta,  and  the  Orthit  and  Spxriftri,  are 
found  also  in  European  rocks.  \ 
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(e.)  C<mek;/er$. — Fig.  405,  Avieuta  emaeerata. 

{d.)  GatUropodt. — Fig.  406,  Platyottoma  Niagnrtntit;  407,  Platyeera»  aug»- 


Figs.  392-404. 


BtACBioFom.— PiK.  392,  Stmphnmcna  rajtom;  395,  Ix-ptwna  fniii»T»Tiwli»;  .104,  305, 
Alryp«  iK«J>M)triaU:  396,  Mirinta  iiitidn;  3l>7,  Ponlnnu-nis  Intori'liratH*;  3aS,  n,  Hliyii- 
(faoorlla  cui»«it»;  399.  a,  h,  I^ptocoeli*  JUparili*;  400,  a,  OrtbU  Wlol.us;  401,  402,  Splrifer 
Niacmr«iuis  :  403,  404,  8p.  Rulcatiu. 


a  true  univalve,  but  loosely  and  imperfectly  coiled,  ns  shown  in  the 
profile  view,  fig.  407  a. 


COXCHITXK  And  Oasteeopom. — FIk.  406,  Aviciilii  «-ninrr>rata;  406,  Plat.vcwtuniu  MaKan-naU : 

407,  a,  Pla(jrc«nu  auguUtum. 

(<.)  Cephalopodt. —  Species  of  Orfhocerat,  Cgrtoreraw,  Otttiiptmr^rni,  and  of 
Cuntilnn'a.  The  tajit  probably  belongs  to  the  division  of  Ccphalopods  bavin;; 
ialtntnl  shells. 

3.  Articulates. — (a.)  Tf!f'>f>ile». — Ftp.  40S.  Dntiunnin  limulunit  (a  prnii" 
differing  from  Calymeno  in  having  the  {glabella,  or  middle  region  of  the  buck- 
ler, largest  anteriorly,  beside.*  having  large  roniform  eyes  and  other  pocu- 
lUrities);  409,  Lirknn  Bi>Unni,&  large  and  characteristic  species,  much  reduced; 
<10,  HomnlnnntHt  firlpkinoerphnln*  (the  gcnuA  having  very  fmall  eyes,  the  glabella 
fiintly  outlined  and  undivided, — the  middle  lube  of  the  body  much  broader 
Uua  the  lateral);  411,  lUmmit  Barrirmit ;  Calymtitr  DUtmenbachii  var.  Niagu- 
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OioaTACKA.KS.— Kig.  408.  Dftlmania  llrouluru»  {X  40tt.  Licbaa  Bolton!  (X  410,  flo- 
malonotaii  dulphlnocophnliiit  fX  l^);  411,  IllKniu  BarrieMii  (X  :  412.  Bfyrichla  »ym- 
mctrictt;  412,  a,  same,  natural  site. 


The  following  are  some  of  the  speciea  common  to  the  Niagara  and  Clinton 
groups ; — 

Halyxitcs  catenulata  (fig.  385).  Spirlfer  radiatas. 

Caryocrinns  omatus  (fig.  390).  Avicnia  cmacerata  (fig.  405). 

Ilypanthocrinua  decorus.  Orthonota  curta  ? 

Lingula  lamcllata.  Mudiolopsis  subulatas? 

Orthin  ciegantula  (fig.  329).    ,  Ceraurua  ini'ignis. 

Strophomona  rugosa  (fig.  392).  Homalonotui*  dclphinocophalus  (fig.  410). 

Pcntaroorns  oblongus  (fig.  371).  Calymcnc  Blnmenbochii. 

Rbynchonella  ncglecta.  Dalmania  limulurus  (fig.  408). 

Atrypa  reticularis  (fig.  374).  Ilitcnus  UiirricnaiB  (fig.  411). 

.\ccording  to  Salter,  a  number  of  species  of  the  Upper  Silurian,  and  probnbly 
of  this  part  of  it,  have  been  observed  in  the  Arctic;  aa,  Haliftilet  cattnulata, 
Orthii  ricfjautula,  Faro$ite»  Oothlandica,  Lrprrditin  Baltica,  species  of  (Mlo~ 
phifllum,  Jlrlittlite*,  Cyttiphyllum,  CtfalknphyUum,  Sifrinffopora,  with  Prntamrrut 
Conchidiitm,  Atrypa  rettru(nri»,  etc.;  and  at  the  southern  extremity  of  Hud- 
son's Bay,  PmlaiHerut  oblongn;  Atrypa  rrticulari;  etc.  About  Lake  Winnipeg, 
also,  Upper  Silurian  fossils  have  been  found.  Sec  Am.  Jour.  Sci.  [2],  xxi. 
xxvi.  119. 

The  fossils  of  the  Coralline  limestone  (p.  238),  as  Hall  states,  arc  mostly 
peculiar  to  it.  Out  of  32  species  (including  Corals,  Brachiopods.  Conchifcrs. 
fla«teropods,  Cephalopuds,  and  Cru8tacean<<)  only  the  following  are  set  down  ks 
identical  with  Niagara  fossils: — Favonte*  X{a(/arrii$i$,  Stromatopora  concctttricn. 
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Bnlytitet  eaUnulata,  Spfri'/fr  rr{»piii>,  Atrypa  famrllata  ;  and  thp«r»  arc  not  nil 
bejrood  doabL  Mgreovcr,  three  of  them  are  coamopolite  epeoics.  The  bcda  uro, 
tbmtov^  itifkiaf^ly  diffimnt  in  life  from  the  Nisgmrs,  and  appeur  to  lepretent 
tlat*re|Melk  Among  the  specie!*  there  arc  very  largo  spiral  chambered  shellt 
«f  th*  M«  ftBM  iVocAeeerM  iiaU,  wliiob  are  unknown  in  oUiar  fomaUoa*. 

Ocnenl  OtaMnratloiiB  cm  tiia  Wmgum,  Period. 

Geography. — The  facts  upon  which  we  have  to  rest  our  conclu- 
aons  witli  regard  to  the  geography  of  the  Niagnra  period  are. — 

life.  The  occurrence  of  the  Oneida  conglomerate  over  the  region 
from  central  New  York  southward  through  the  length  of  the 

Api  alachian^. 

2(1.  The  Medina  sandstone  covering  the  same  region,  but  spread- 
ing a  little  farther  westward  on  the  north. 
3d.  The  Clinton  gMrap  haring  the  name  range  on  the  east  and 

extending  ov*-r  a  ronsiderable  part  of  tho  int<  ri<ir  1ia>iii  (o  the 
Mi«<i!isippi ;  -lia!<'><  <  harnctori/.iiip  the  roniiation  in  tin-  Ai>])ala- 
•'hian  region,  --liiil.-s  an<l  saiul-^totn-s  jircvaiiiii^'  over  liiiH  <toiu'  in 
New  York,  and  limestones,  more  or  less  argillaceous,  mostly  con- 
^tnting  the  beds  in  the  West. 

Ml.  The  Niagara  rocks  having  nearly  the  same  eastern  limit  in 
Vow  York  (that  is,  absent  almost  entirely  from  the  eastern  third  of 
tho  Staff) ;  sprendinjr  owr  th«>  Appalachian  rofrion  and  also  through 
»larg«'  part  of  tlx*  interior  ba-^in ;  consisting'  of  shales  with  some  lime- 
stone in  central  New^  York,  more  limestone  in  the  western  part  of  the 
Htste,  shales  almost  solely  in  the  Appaladiians,  limestones  in  tho  West. 

5th.  The  formations  six  to  eight  times  thicker  in  the  Appala- 
chians tlian  in  the  West. 

Thi-  y>o-*ition  of  the  coarse  conjiloniorato  rocks  of  the  Oneida  opooh, 
spreading  neither  over  eastern  New  York  nor  the  init  riur  Inisiu 
west  of  the  State,  apporratly  indicates  that  along  its  line  was  the 
nea-coast  of  the  time,  and  that  the  ocean  reached  it  in  fbll  force. 
Such  coarse  beds  of  marine  formation  are  formed  either  in  front 
of  the  waves,  or  under  the  action  of  strong  marine  ciuTcnts.  The 
Istter  never  have  sufficient  force  for  the  purpose,  except  in  narrow 
rtnits  and  over  limited  areas,  and  am  not  capable  of  making 
scemmilations  of  so  great  extent.  It  is  stated  on  page  228  that 
the  .\ppalaehian  region  in  Vermont,  if  not  also  in  southern  New 
Etidand.  rnnst  have  boon  out  of  wat(*r:  tho  aVt-^once  of  this  forma- 
tion and  the  (i(li.  i  >  of  the  Niagara  period  from  eastern  New  York 
harmonizes  with  tl»is  view. 

The  fine  sandy  and  clayey  character  of  the  Medina  beds  shows 
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that  nt  this  time  the  Bame  coa8t-region  must  have  become  an  ex- 
tensive area  of  low,  sandy  sea-shore.s,  flats,  and  marshes,  not  feeling 
the  heavy  waves ;  and  this  kind  of  surface  extended  westward 
over  Michigan,  instead  of  having  a  limit  in  central  Now  York. 
There  is  abundant  evidence,  in  the  ripple-marks,  wave-marks,  rill- 
marks,  and  8un-cracks,  of  shallow  waters,  emerging  sand-flats,  and 
low  shores. 

The  clays,  clayey  sandstones,  and  limestones  of  the  Clinton 
epoch  through  New  York  and  the  Appalachians  show  that  the 
Medina  condition  of  the  coast-region  still  continued,  except  that 
the  marshes  were  at  times  shallow  seas  where  impure  limestones 
could  be  formed  ;  and  the  many  alternations  of  these  limestones 
with  shales  and  sandstones  imply  frequent  changes  of  depth  over 
these  areas,  as  remarked  by  Hall.  At  the  same  time,  the  westward 
extension  of  the  formation,  and  the  prevalence  of  limestones,  indi- 
cate that  the  waters  occupie<i  a  considerable  part  of  the  Interior 
Continental  basin ;  while  the  impurity  of  the  rock  suggestji  that  these 
inner  seas  were  in  general  quite  shallow.  The  beds  of  argillaceous 
iron-ore,  which  spread  so  widely  through  New  York  and  some  of 
the  other  States  west,could  not  have  been  formed  in  an  open  sea; 
for  clayey  iron-deposits  do  not  accumulate  under  such  circum- 
stances. They  are  proof  of  extensive  marshes,  and,  therefore,  of 
land  near  the  sea-level.  The  few  fragments  of  Crinoids  and  shells 
found  in  these  beds  are  evidence  that  they  were,  in  part  at  least, 
salt-water  marshes,  and  that  the  tides  sometimes  reached  them. 

The  shales  of  the  Niagara  epoch  on  the  east  indicate  no  great 
alteration  of  the  coast-region  after  the  Clinton  epoch  ;  but  the 
increasing  proportion  of  limestones  to  the  westward,  and  their 
great  thickness  and  comparative  purity  in  western  New  York,  and 
still  greater  prevalence  in  the  States  beyond,  teacli  that  the  into 
rior  sea  had  become  nearly  what  it  was  in  the  Trenton  peri«Kl.  It 
was,  however,  more  beautiful  in  its  life ;  for  Corals  and  Crinoids 
were  a  marked  feature  of  the  epoch. 

Let  us  turn  back  now  to  the  Trenton  period.  In  review.  There 
was  then  a  shallow  sea  over  the  whole  interior  (with  small  excep- 
tions), and  it  covered  evt»n  the  Appalachians,  for  here,  also,  lime- 
stones  were  formed  ;  and  any  sea-coast  of  sands,  pebbles,  or  muddy 
flats  must  have  been  farther  east,  where  some  portion  of  the  con- 
tinental border  may  have  been  raised  to  the  surface  through  a 
slight  bending  upward  of  that  part  of  the  earth's  crust.  (This 
border  now  extends  to  a  line  80miles  at  sea  [see  p.  12  and  fig.  r>64J.) 
In  the  Hudson  period  there  appears  to  have  been  a  partial  sub- 
sidence of  the  outer  barrier  and  a  shallowing  of  the  interior  sea  by 
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the  rising  of  the  bottom.  In  tlio  Onoida  cpnoh,  which  oponrtl  tlio 
Ijipcr  Silurian,  we  have  evidence  only  of  an  expOi»ed  coast-line  in 
Hue  of  the  waves, — ^the  former  banier  being  more  sunken,  and 
fbe  bottom  of  the  Interior  Continental  sea  risen  quite  above  the 
lerel  of  the  waters,  so  as  to  make  dry  land  where  before  was  a  pro- 
fusion of  marine  life.  In  the  Medina  oporlj  the  bold  sea-coast 
liworaes  a  flat  coast-region,  with  sand-tluts  and  marshes,  and  to  the 
northward  the  waters  spread  west  of  New  York  State.  In  the  Clin- 
ton epoch  the  ooast-re^on  is  similar  to  that  in  the  Medina,  but  the 
taters  cover  largely  the  Mississippi  basin,  and  the  interior  sea  once 
more  begins  to  appear.  In  the  Niagara  epoch  the  Int<M  ior  Conti- 
nental basin  is  again  a  continental  sea  full  of  marine  lite, and  through 
•  large  part  of  it  limestone  reeik  are  in  progress. 

If  the  above  is  a  correct  view  of  the  geographical  changes,  it  is 
leen  that  they  consisted  in  a  grand  though  small  oedUation  over 
the  continent, — a  rbing  and  sinking  again  of  the  interior;  and  in 
ks  course  the  interior  seas  becum««  <lry  liind  at  the  close  of  the 
Lower  Silurian.  If  so,  there  is  no  need  uf  any  other  explanation 
of  Uie  extinction  of  life  that  then  happened,  or  of  the  exception 
to  the  thorooghnew  of  the  extinction  in  the  Eastern  border  basin 
ftt  Anticosti, — ^if  actually  an  exception  (p.  231). 

In  the  course  of  these  oscillations,  from  the  beginning  of  the 
Trenton  to  the  close  of  the  Niagara  period,  12,000  feet  of  rock  were 
deposited  along  the  Appalachians.  From  this  datum  the  slowness 
of  the  oscillation  may  be  estimated*  ^®  whole  amount  of  change 
of  level  over  the  Interior  Continental  basin  may  not  have  exceeded 

lOOri  feet. 

But  the  Appalaeliian  deposits  show  a  vast  amoimt  of  subsidence 
which  was  in  slow  progress  as  the  accumulations  went  on.  Without 
the  subsidence,  great  breadth  of  deposits  might  have  been  formed, 
bat  not  great  thickness. 

Witt  ngaid  to  the  oootfaMat  bsj«a4  dM  Kisslsslpid  ws  have  ssudl  basis  for  a 

(OBclnrinn.  AViout  the  Black  Ilill;*  nn<I  Tinramic  Range  Dr.  Haylen  found  the 
CarbMiferooB  atrata  resting  on  those  of  the  Potsdam  period,  and,  therefore,  an 
■bwee  of  all  the  formaCiont  of  the  Lower  Silariaa  eliore  the  Potsdam,  of  ill 
the  Upper  Silurinn.  and  «f  ull  the  Devonian.  Similar  fiiits  are  reported  from 
•\rkansa«.  About  Ihi'  El  Pa.«o  .MmntHins  in  N'lw  Mexico,  Jictwcen  the  rivcm 
Feeos  and  Grande  (near  lat.  32°),  Dr.  G.  G.  Shumard  found  it  liuiestono  of  the 
l^tatOB  or  HadsoD  psriods,  ooBtaiaiag  the  fbsifls  Orthit  tethNUnariOf  O.  eeff- 
dtiualit  H.,  Rhyiichonttia  M^ftuc  Conrad,  and  othcrst;  but  to  thin  oucceeded  tho 
CarboaiferoBS.  It  woald  sssm,  therefore,  that  a  part  of  the  region  beyond  the 
MlMhilppi  wM  In  BO  eondition  for  the  ibrmaUoa  of  limeetones  or  ■aadtloiws 
Wtweea  the  Lower  Silurian  and  the  Carhontferons ;  and  the  moit  probable  tap* 
r**ltMn  is  that  the  lead  was  aot  nader  water>  although  It  wsi  afterwards  ex> 
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tenoivclr  submerged  in  the  Coal  era.  Had  the  absence  of  these  formations  1>ceD 
due  to  deep  submergence, — too  deep  fur  nniuial  life, — the  slopes  of  some  of  the 
muuntaina — as  the  Laramie  Range  or  Black  Hills — would  have  borne  evidence  in 
the  presence  about  them  of  sumo  of  the  beds  representing  the  Lower  Silurian 
and  Devonian  |»eriuds.  The  larger  part  of  the  eastern  slope  of  the  Kockjr 
Mountains  is  covered  by  Mcsozoic  and  later  strata;  and  hence  no  certain 
inference  can  be  drawn  as  to  the  extent  of  this  dry  land. 

The  Niagara  period  was  a  period  of  continental  submergence  also 
in  Arctic  America  and  Europe  at  liiis  time.  Even  Great  Britain 
had  its  Coral  and  Crinoidal  seas,  and  limestone  lormations  in  pro- 
gress,— although  the  Silurian  tlicre  contains  comparatively  little 
liinentone,  owing  to  the  fact  that  the  country  lies,  like  the  Appa- 
laciiian  region,  within  the  mountain-border  of  a  continent. 

Life. — Remarks  with  regard  to  the  life  of  the  period  are  deferred 
till  the  closing  pages  on  the  Upper  Silurian,  with  a  single  excej> 
tion.  There  is  abundant  evidence  of  extensive  low  flats  and 
tnarshes  over  tho  continent  in  the  Medina  and  Clinton  epochs: 
tlie  ore-beds  of  the  latter  are  decisive  proof  on  this  point.  The 
absence,  therefore,  of  the  remains  of  land-plants  from  these  beds 
may  be  regarded  as  nearly  sure  demonKtratinn  that  no  (aiul-p/<inU 
then  existed.  Taking  this  into  connection  with  the  evidence  from 
other  regions,  and  tho  other  formations  of  the  period,  there  can  be 
no  reasonable  doubt  on  this  point. 


Epochs. — 1.  Leclaire  epoch,  or  that  of  the  Leclaire  and  Gait 
limestones  (6  a) ;  2.  Sauferous  epoch,  or  that  of  the  Onondaga 
Salt  group  (6  b). 


The  Niagara  period  had  covered  the  sea-bottom  mainly  with 
limestones.  With  the  opening  of  the  Salina  period  there  was  a 
change  by  which  sliales  or  marls  and  marly  sandstones,  with  some 
impure  limestones,  were  formed  ov<'r  a  portion  of  New  York  ;  and 
in  son^e  waiy  the  strata  were  left  impregnated  with  salt,  and  also 
almost  destitute  of  fossils. 

The  beds  spread  through  New  York,  and  mostly  south  of  the 
Erie  Canal.  They  are  7(X)  to  10()0  feet  thick  in  Onondaga  and  Cayuga 
COS..  and  only  a  few  feet  on  the  Hudson. 

Tho  following  sections  (figs.4i;i,  414.  from  Hall),  taken  on  a  north- 
and-south  line  south  of  Lake  Ontario,  show  the  relations  of  the 
Salina  beds  (G)  to  those  above  and  below, — tliey  being  underlaid 
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8ALIIIA  nUOD. 


247 


in  ono  section  (fig.  414)  by  the  Ningarn  (5rf),  Clinton  (5  c),  and 
Keduia  (6  6)  beds,  and  overlaid  in  the  other  (fig.  413)  by  roeks 

Fig.  413. 


fNtoyppiMP  Hfilderberg  (7),  Hamilton  (8  a,  8  6,  8  r),  and  Cbemttng 

To  the  w^tward  tlicy  outcrop  between  Xiugara  and  Lake  Huron, 
and  also  about  Markinae;  l>i>yoiHl.  thin  beds  in  Wisconsin  and 
Iowa  have  been  referred  to  this  pei  io<i. 

j^fUMMn  Canada  the  fonnation  is  underlaid  by  a  limestone 
■i^^t;  mad  the  same  has  heen  identified  by  Hall  at  the  Rapida 
<lthbdur%  in  Iowa»  where  it  has  been  called  the  Leclaire  lime- 
in  Onondaga  co.,  N'.Y..  the  beds  in  the  lower  half  are  (1)  tender,  clayey  depoaita 
(c«Ued  marls)  and  fragile  clayey  tiandstoneR  of  red,  gray,  greenish,  yellowish, 
•mottled  colors  ;  and  in  the  upper  half  (2),  calcareous  marls  and  an  impura 
drab-^rolored  limestone  containing  beds  of  gypsum,  overlaid  by  (3)  an  hydraulie 
liTf-tMiiv.  This  limpftiinc  affonlrd  Dr.  Bcek  on  analysis — Carbonate  of  lime, 
U.u,  carbonate  of  magnesia,  41.0,  clay,  13.5,  uxyd  of  iron,  1.25.  The  upper 
il»Waa  Is  said  to  oentsin  asieolar  oaTities  «b«s  flUsd  by  Epsoni  salt  (salphals 
of  magnesia).  The  rock  is  sometimes  divided  by  columnar  striatkms  ISks  tbs 
Lockport  limestone,  and  the  structure  has  been  attributed  to  the  cryslallitation 
•f  the  magnesian  sulphate  ( Vanuxem),  or  else  to  that  of  salt  or  gypsum  (Uall). 
Tbe  seams  seoMtimes  contala  a  traee  of  eosl  or  earbon. 

Near  Syracuse  there  is  a  l>ccl  <>f  serpentine  in  this  formation,  nlonp  with 
whitish  and  blaek  mica  and  a  granite-like  rock.  (Vanuxem.)  In  part  of  it  horo- 
Utade  raplseos  tlio  niea,  laakiag  a  syenite^  Ther*  is  littlo  orldsaee  of  host  la 
tbe  l>e<is  adjoining  these  msUoaorphic  rocks. 

la  tbe  peninsula  of  Michigan  tho  formation  includes — beginning  below— 10 
iMt  of  varisgstod  gypseous  marls,  14  feet  of  ash-colored  argillaceous  limeitone, 
tfesl  of  oaloaroons  clay,  and  10  feet  of  choAoIate-eolored  limestone.  (Winchell.) 

The  rocVs  of  this  period  hsnr  not  licen  distinguished  from  those  of  the 
Niagara  period  in  the  Appalachian  region  in  Pennsylvania  or  to  tbe  southwest 
iaTintiBls. 


The  beds,  especially  those  of  the  upper  half,  ore  much  inter- 


t 


248 


PAL.f:OZOlC  TIME — UPPER  SILURIAN. 


soctod  by  slirinkapo-crackfi.— effpots  of  tho  drying  of  the  mud  of  the 
aiifi^'tit  inu(l-t1:it  hy  tho  mn. 

Miuerals. — Tlie  jrj'psuin  does  not  constitute  layers  in  tho  strata, 
but  lies  in  imbcddi'd  massfs,  as  shown  in  the  annexed  figures. 


Tho  lines  of  stratification  sometimes  run  through  it,  as  in  fig.  410; 
and  in  other  ea-nes  the  layers  of  the  shale  are  bulged  up  around 
the  nodular  masses  (fig.  415).  Both  CAses  show  that  the  gypsum 
was  formed  after  the  beds  were  de)>osited.  Sulphur  springs  are  now 
common  in  New  York,  and  especially  about  iStdina  and  Syracuse. 
Dr.  Beck  describes  several  occurring  in  this  region,  and  mention* 
one  near  Manlius  which  is  "a  natural  sulphur-bath,  a  mile  :in<I  a 
half  long,  half  a  mile  wide,  and  1(>8  feet  deep, — a  fact  exhibiting  in 
a  most  striking  manner  the  extent  and  power  of  the  ag«'ncy  con- 
cerned in  the  evolution  of  the  gas,"  and  showing,  it  may  be  added, 
that  the  ett'ects  on  the  rocks  below  nmst  be  on  as  gnind  a  scale. 
These  sulphur-springs  often  produ<  e  sulphuric  acid  by  an  oxyda- 
tion  of  the  sulphuretted  hydrogen.  There  is  a  noted  "acid  spring** 
in  Byron,  Genesee  co.,  N.Y.,  connected  with  the  Onondaga  forma- 
tion, besides  others  in  the  town  of  Alabama.  Thin  sulphuric  acid 
acting  on  limestone  {mrfxinatc  of  lime)  ilrives  off  its  carbonic  acid 
an<l  makes  xulphate  of  lime,  or  gypsum  :  and  this  is  the  true  theory 
of  its  formation  in  New  York.  The  laminae  which  pass  through 
the  gA'i)sum  unaltered,  as  in  fig.  410,  are  those  which  consist  of 
clay  instead  of  limestone.  The  gj-psum  is  usually  an  earth)' variety 
of  dull  gray,  reddish  and  l>rownish,  sometimes  black,  colors.  It 
may  have  been  produced  at  any  time  since  the  deposition  «»f  the 
rocks ;  and  it  is  beyond  doubt  uow  in  progress  at  some  places  in 
the  State. 

The  salt  of  the  i*ocks  is  found  only  in  solution  in  waters  issuing 
from  the  strata.  At  the  present  salt-works  of  Salina  and  Syracuse 
the  brin<'  is  obtained  by  borings.  The  wells  are  ITH)  to  310  feet  deep 
at  the  former  i)laci\  and  lietween  2o.j  and  340  at  the  latter.  3.*)  to 
45  gallons  of  the  water  aftbrd  a  bushel  of  salt ;  while  it  takes  35ll 
gallons  of  sea-water  for  the  same  result. 


Fig.  415. 


FJ<».  A\C%. 
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n.  Life. 

Tho  Snlina  bods  nre  for  tho  most  part  destitiito  of  fossils.  The 
lower  bed-s  in  2sew  York  coiituin  a  few  speciea  inipeitoctly  pre- 
■enred;  and  the  sune  is  true  of  the  upper.  The  latter,  however, 
tie  regarded  aa  rather  of  the  next  (Upper  Helderberg)  period. 

In  the  liioMtone  at  Gait  there  are  a  Dumber  of  ■bells,  and  two  of  tbem — Mur- 
thimmin  Bejfdii  aad  CydomeMwi  •Nfcafa— an  set  dAwii  by  Hall  ai  identloal  with 
•pad**  ia  Uw  l«w«r  part  of  the  Onondaga  Salt  group.  Tho  foiaila  of  this  and 


Fig.  416  A. 


Hrgnhnmw  CMiadeorit. 


Aa  ladaiio  lineftoma  haro  been  dioini  by  Hall  to  bo  very  dlfbrmt  from  thoM 
of  the  Niagaimbwis. 

fig.  416  A  represents  one  of  the  Conchiferii,  the  Megnlomut  CauadtttM,  a 
■peeies  that  is  occasionally  found  four  inches  long.  Besides  this  there  are  a 
HataaMin%  P.  ooekUnktlit,  a  ipeelea  of  Jferdli'soMte,  an  Orthoeertu,  and  a 

General  Observationa. 

Geography.— Thp  position  of  the  .Saliferous  beds  over  the  Stnto 
ef  New  York  indicates  thut  the  region  which  in  the  preceding 
period  was  oorered  with  tiie  sea  and  alive  with  Ccwala,  CrinoidB* 
XoUuaka,  and  Trilobites,  making  the  Niagara  limestone,  had  now 
bopome  an  interior  shallow  basin,  or  n  series  of  basins,  mostly  shut 
off  from  the  ocean,  whore  tlie  salt  waters  of  the  sea,  wliieh  were 
spread  over  the  area  at  inter\'ol8, — intervals*  of  days  or  months,  it 
may  be, — evaporated  and  deposited  their  salt  over  the  clayey  hot- 
taiDs.  In  audi  inland  hasins  the  earthy  aecomulations  in  progress 


\    Digitized  by  Google 


250 


PALi«OZ01C  TIME — UPPEB  SILURIAN. 


woultl  not  consist  of  sand  or  pebbles,  as  on  an  open  sea-ooost,  but 
of  clay  or  mud,  such  a<  is  produced  through  the  gentle  movement* 
of  confined  wiiters.  Moreover,  the  salt  waters  would  become  under 
the  sun's  heat  too  densely  briny  for  marine  life,  and  at  times  too 
fresh  from  tlie  rains  ;  and  the  muddy  flat  might  be  often  exi)osed 
to  the  drying  sun,  and  so  become  cracked  by  shrinkage.  The 
Hhrinkage-enieks,  the  clayey  nature  of  the  beds,  the  absience  of 
fossils,  an<i  the  presence  of  salt,  all  accord  with  this  view.  Salt  can- 
not Ikj  fleposited  by  the  waters  in  an  open  bay,  for  evui>«"»ration  is 
necessary.  The  warm  climate  of  the  Silurian  age  and  the  absence 
of  great  rivers  were  two  conditions  favorable  for  such  results.  At 
one  small  coral  island  in  the  Pacific,  visited  by  the  author,  the 
lagoon  (or  lake)  which  formed  the  interior  was  shut  ofl"  from  free 
communication  with  the  ocean,  and  conse<|uently  some  of  the 
above-mentioned  conditions  were  well  exemplified.  The  waters 
became  extremely  salt  in  the  hot  season,  and  fresh  in  the  rainy 
months;  and  hence  no  living  corals  or  shells  existed  there, 
although  once  abundant.  Moreover,  while  the  rock  was  of  coral 
origin,  there  were  no  fragments  of  corals  or  shells  along  the  shores 
of  this  lagoon,  but,  instead,  a  deep  mu<l  of  calcareous  material, 
made  out  of  the  broken  shells  and  corals  by  the  triturating  wave- 
lets,— so  d»M«p  and  adhesive  that  the  waters  of  the  lagoon  were 
somewhat  tllflicult  of  access.  This  calcareous  mud,  if  s<)li<lified. 
would  become  a  non-fossilif«?rous  limestone,  like  a  largo  part  of 
the  coral  rock  ;  and  yet  a  few  hun<lred  yanls  off  on  the  sea-oojist 
there  were  other  limestones  forming,  that  were  full  of  corals  and 
shells. 

The  Saliferous  flats  of  New  York  spread  across  the  State,  and 
probably  opened  on  the  ocean  to  the  southeast.  The  existence  of 
such  interior  evaporating  fl  its  implies  intermittent  incursions  of 
the  sea,  perhaps  only  through  tidal  overflows,  but  probably  such 
occasional  floodings  as  may  take  place  where  there  are  coast-bar- 
riers or  r<'ofs  that  are  broken  through  at  times  by  the  waves  or 
currents. 

The  existence  of  such  barriers  is  no  unreasonable  assumption  : 
for  the  coast  of  the  I'nited  States  is  now  to  a  great  extent  bardored 
with  them.  They  stretch  along  the  south  side  of  Lon*;  IsI.-iikI, 
shutting  in  a  narrow  area  of  salt  water;  and  south  of  Ni-w  York 
they  occur  oflT  New  Jersey.  Miiryland,  Virginia,  and  the  C.irolinas, 
making  the  various  sounds  that  are  so  characteristic  of  the  coast- 
region. 

As  the  Saliferous  beds  of  New  York  are  nearly  1000  foet  thick 
just  west  of  the  centre  of  the  State,  and  since  there  is  proof  in  the 
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ikiirinkage-crucks  and  other  peculiarities  that  the  layers  were  sue- 
oeasively  fonned  in  shallow  wftten»  it  foUotre  that  there  mugt  have 
been  a  slow  subsidence  of  the  region  during  the  pxogreM  of  the 

peri'^l. — it  may  huvo  been  but  a  few  im  ht's  or  feet  in  a  century. 
In  wattT  ten  feet  deep,  u  li<'<l  ton  feet  thick,  or  a  litth'  over  t<'n.  may 
form;  but  with  a  slow  linking,  at  a  rate  not  beyond  the  ra|jKlity  of 
deposition,  the  beds  maj  reach  any  thfekneas,  limited  only  by  the 
oeMation  of  the  sulwidence. 

Life. — The  half-submerged  marshes  or  flats  of  this  f)erio<I,  bordered 
by  dry  land  at  leai*t  on  tlu'  nortli,  and  j)rol»al»ly  inchKhn^  dry  areas 
over  their  surface,  would  have  given  an  opportunity  for  lorest-tre*  s 
to  grow  and  forest^animals  to  live  where  their  remains  would  be 
rare  to  find  a  safe  bniial,  as  they  did  in  dfter^imes.  Yet,  as  in  the 
Medina  and  Clinton  epochs,  no  trace  of  a  leaf,  or  stem,  or  relio  of  a 
land  or  fresh-water  animal  has  been  aflbrded  by  the  be<ls. 

Tiie  ext«'rnjiiiatioM  of  life  at  the  close  of  the  \ia;;ara  i)eriod  was 
very  nearly  comjileie  in  tlie  region  of  New  York,  while  apparently 
only  partial  in  the  interior  basin,  as  in  Tennessee.  The  cause  of  the 
extinction  was  connected,  no  doubt,  with  the  changes  tliat  ushered 
in  the  Salina  period  ;  and  the  existence  of  seas  over  portions  of  the 
interior  accounts  bt)th  for  t]io  limestones  of  tlie  Salina  e|KM'h  and 
the  continuation  of  a  }x>rtion  of  the  Niagara  life  beyond  the  termi- 
nation of  the  period.  The  beds  of  the  Miarissippi  basin  require  a 
fbUer  ^Qotdation  for  safe  inferences. 

LOWER  HELDERBERG  PERIOD  ^7). 

L  Booka:  kinda  and  dlatilbation. 

The  Lower  Ilelderberg  period  was  one  of  abundant  marine  life, 

and  of  the  formation  of  thick  limestone  stnita, — a  jM  i  iod,  therefore, 
not  of  prevailing  salt  nuirshcs,  but  of  clear  seas  over  the  submerged 
laud. 

The  formation  in  New  York  .has  its  greatest  thickness  at  the 
Helderberg  Mountains  south  of  Albany,  where  it  b  over  ZOO  feet ; 

and  hence  the  name  of  the  period. 

The  beds  extend  westwartl  in  New  York,  and  gradually  thin  out 
in  Ontario  county,  being  wholly  absent  I'rom  the  western  part  of 
the  State.  The  beds  have  been  reported  to  occur  in  Ohio,  Kissouri, 
and  Tennessee ;  but  according  to  the  more  recent  investigation; 
they  are  wantin^^  over  the  interior  ba>in. 

Noar  >[ontr<  al,  in  Canada,  a  amall  patch  overlies  unoonformably 
the  Uudson  River  shales. 
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South  of  Now  York,  nlong  tho  Appalachian  region  they  extend 
through  New  Jersey,  Pennsylvania,  Miu-yland,  and  Virginia,  in- 
creasing in  thickness,  being  in  all  r><H)  feet  or  more  on  the  Potomac; 
and,  as  in  the  North,  they  diminish  westward. 

The  subdivisions  of  the  formation  observed  in  the  Helderberg 
Mountains  are  for  the  most  part  undistinguishable  out  of  New 
York  State.  The  lowest  rock,  the  Wulvr-fimr,  retains  its  characters 
most  widely,  and  has  a  thickness  on  the  Potomac  of  .350  feet  (Ro- 
gers). Moreover,  in  New  York  it  extends  west  to  Ontario  co..  which 
is  beyond  the  beds  higher  in  the  series.  The  water-lime  is  so  called 
because  used  for  making  water-  (or  hydraulic)  cement.  It  is  a  drab- 
colored  or  bluish  impure  limestone,  in  thin  layers. 

The  eevcriil  New  York  sabdivisiuna  arc  as  fulluw  : — 

5.  Upper  Pentainerus  limestone. 

4.  Encrinal  limcstune. 

3.  C'atskill  or  DclthTris  shaly  limestone. 

2.  PcntameruB  limestone,  50  feet  in  the  Helderberg  Mountains. 

1.  Tcntaculite  and  Water-limo  group,  150  feet  in  the  Helderberg  MouDtAuns. 

An  analysis  of  the  Watcr-limc  rock  afforded  Dr.  Bct-k — Carbonate  of  lime,  4S.4, 
carbonate  of  magncitia,  34.3,  silica  and  alumina,  13.86.  sc»quioxjd  of  iron,  1.75, 
moisture  and  l<iss,  1.70.  One  of  the  beds  of  the  Water-lime  strata,  consisting  of 
thin  clinking  layers,  abounds  in  fossils  called  Tentaculitet,  aud  has  been  named 
TtHtaenliU  limettoH*. 

The  Ptntntnertu  timentone  (No.  2),  orerlying  the  Water-lime,  is  so  called  from 
Us  characteristic  fossil,  Ptutamtru*  gaUaliit  (fig.  422).  It  is  compact,  and 
mostly  in  thick  layers.  The  Vatikill  or  DttthyrU  nhaly  limettout  (No.  3)  con- 
sists of  shale  and  impure  thin-boddcd  limcxtono,  and  in  many  places  in  New 
York  abounds  in  the  large  fossil  shell  Spfri/cr  macntpleHrui,  and  extends  as  far 
west  as  Madinon  c<).  It  is  full  of  fo«)«il8.  The  Encrinnl  limettoHt  (No.  4)  is 
confined  to  the  eastern  part  of  the  State.  The  f'pp^r  Ptntnmemt  (No.  5).  the 
upper  layer,  is  of  limited  extent,  but  has  many  peculiar  fossils :  it  is  named 
from  the  Pentnmrru*  paewIo-gnUntut  (figs.  424,  425). 

The  Sniiferous  beds  pass  rather  gradually  into  the  Water-lime, — their  upper 
layers  becoming  more  and  more  calcarvi>U!<,  and  containing  some  of  the  Water- 
lime  fossils.  The  range  of  the  Salina  and  Lower  Helderberg  formations  is  very 
different;  for  the  former  is  thickest  west  of  the  centre  of  New  York,  and  the 
latter  on  its  eastern  border. 

In  the  Appaliukian  region  in  Pennsylvania  the  Water-lime  group  has  in  the 
middle  belt  of  the  mountains  a  thickness  in  some  places  of  350  feet,  while  in  the 
southeast  belt  it  L*  50  to  200  feet;  it  thickens  to  the  southwcstward.  The 
rest  of  the  Lower  Helderl>crg,  consisting  also  of  impure  limestones,  has  a 
thickness  of  100  feet  or  more  in  the  middle  belt,  and  200  to  250  in  the  south- 
eastern, which  thickness  is  maintained  along  the  Appalachian  chain.  (Ropcen*.) 

In  the  Eastern  bordtr  rtijinn,  at  Pembroke,  Me.,  in  a  granitic  region,  slates  and 
hard  sandstones  occur  with  many  fossils;  at  other  places  in  northern  Maine, the 
rock  is  limestone.  In  Cutler  and  Lubce,  Me.,  there  is  a  fossiliferous  limestone, 
cither  of  this  or  the  Niagara  period.  (C.  II.  Hitchcock.) 
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H.  Life. 

Thi»  period  was  prolific  in  species,  beyond  even  tho  Niagara  or 
Trenton  :  over  3(X)  have  been  named  and  described.  Among  them 
there  are  the  same  famiUes  and  genera  as  in  tlie  preceding  periods, 
but  with  some  marks  of  progress  in  new  forms,  and  with  a  range 
of  species  almost  cotnplctrly  distinct.  Yet  it  has  been  noted  as  a 
striking  fact  that  very  niany  of  the  species  of  the  Niagara  periotl 
have  tlieir  closely-rehited  or  representative  species  in  the  Lower 
Uelderberg. 

1.  Pianls.  Figs.  417,  418. 

Limestone  strata  seldom  contain  remains  of 
plants;  and,  accordingly,  little  is  known  of  the 
botany  of  the  Lower  Uelderberg  period. 

2,  Aiiiniafs. 

Many  Corals  and  Crinoids  occur  in  the  be<ls, 
and  some  of  the  latter  are  of  remarkable  f^izo 
and  beauty, — aa  the  Mariacrinus  jiol/ifissimuji, 
and  other  species  of  the  same  genus.    The  last 
of  the  Ilalysites,  or  Chain-conil,  existed  in  this 
period,  and  a  few  species  o(  Ci/.tfUh  (figs.  417, 41S). 
' Brachiopods  still  take  the  lead  in  numbers  of  all 
other  kinds  of  life.    In  the  Water-lime  one 
layer  is  full  of  the  littl«!  T'-nluruHtes  omatus  (figs. 
431,  432).    Among  the  Trilobites  the  Dalmania 
pifuroptt/T    (fig,  244  C)   is  a  common  form. 
Quite  a  different  form  of  Crustacean  ajjpears  for 
the  first  time  in  these  rocks.    It  is  represented 
in  the  E^iryptervs  ranipes  Dekay  (fig.  433).    Un-     Cr*TiDr.AKs.-FlK.  417. 
like  Trilobites,  it  has  large  jointed  arms,  and  a  -^p''";)*''-: 
body  which  resemV)les  that  of  the  Sap[tliirina 
and  Caligus  groups  of  mod<»rn  Crustaceans.    (Figs,  175,  17^1  repre- 
sent the  female  and  male  of  a  Sapphirina  from  our  own  bea^i.  See 
page  151.) 

Characteristic  Species. 

1.  Radiates. — (a.)  Polt/p*. — Amoni;  Corals  thero  arc  apccios  nf  Zaphrettlit, 
Fmotitca,  Stmmatopora,  Hnttftitn,  Syrini/tip'irn,  Clnrtett:$.  (6.)  Efhinudrrm*. — 
Groap  of  Cyatideans :  Fig.  417,  Apiocy*tin  Gebhnrdt,  fuuiid  in  the  Lower  Pen- 
tamemi ;  fig.  418,  Anontaloeyili*,  a  rcmark&blc  spcoies  from  tho  sume  ruck.  In 
th«  groap  of  Crinideana  there  are  spocies  of  the  genera  JIariacriHu;  Platgeriuut, 
BdrlocriuHif  AapidocriuHt,  etc. 
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2.  Mollusks.  —  lirarhinpod: — Fij;.  419.  Sfrophftmrna  rndintn  V&naxem, 
of  the  Catikill  shmly  limestone:   420,  421,  Rhynrhonella  rmtricoao,  of  the 


Figs.  41tf-4au. 


BRArniopoDB.— Fit:.  410,  S?irii|ilii>iiit'int  nulintA:  420.  421.  Rhynrhonella  ventric^*m;  422,  423. 
l'l■lllllllK'nl'^  KutiMliio;  4J4,  4J.'<,  I'.  |i-'i'Ui|i>-U'il<-iitiH;  4'i<>.  Kaduiiu  i>iiiK<il>i>'i!' ;  4;!T,  McrUtar 
KitlatUi;  42S,  Urtlii!*  vitrica:  42**,  S}>trirfr  luurroplnuntH :  X'.'M,  MuriMti  IovIh. 


Upper  Pentameras ;  422,  42.3,  Pintnmtrn*  gnlmtNt,  of  the  Lowor  Pfntamcnis : 
424,  426,  I*.  jMcndo  ijnUntun,  »)f  the  I'ppcr  PcntaincruB ;  42fl,  EitUmin  titifjulnrU, 
of  the  Catskill  fhuly ;  427,  J/tnV.r  /  mlmtn,  of  the  WatiT-limc ;  428,  Orthi* 
varied f  of  the  Cutskill  aholy ;  429,  Syiri/er  macroplturun,  ibiil. ;  430,  ilrritta 
Uvi»,  ibid. 

There  arc  also  Conchifcra  of  the  genuii  Aeiruln  and  others  related;  GiiBtcro- 
podt  of  the  genera  POitifvera;  /'/alyimtown,  etc.  Also  the  Ptcropod  TtMtacnIitet 
ttrunltiB  (figs.  431,  4.32,  the  latter  natural  size). 

3.  Articulates — («.)  rn7..t;ft«.— Fig.  244  C,  Dnlwanin  plrnroptyx  ; 
others  of  the  genera  Otl^mrne,  Chrirurun,  A»nphu».  (6.)  Other  EntomontrttraM*. — 
Fig.  4.3.3,  Enrifjttentt  remt/>e»,nT  the  AVater-limc,  nataral  eize,  from  a  pmall  spc<i- 
mea  frotu  the  cabinet  <>f  E.  Jewett:  specimens  from  Buffalo,  N.T..  are  %omc- 
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times  fix  inches  or  more  in  lcnj?th.  Species  also  occur  in  this  rock  helonpinp 
to  the  allicU  gcDua  J'terjfjfuius  (fig.  440  ia  a  foreign  specieci),  and  to  the  Pbjrllo- 
pod  gmoa  Otr^i9CM49,  both  of  whioh 


Figi.  431-4S4. 


f onera  were  first  doMribod  ia  England. 
Tb«  latter  boa  Mme  resemblance  to  fig. 
MS  A.  Fig.  434,  Lfperditia  alia,  an 
Oitnwoid,  •bandaBt  in  th«  Water-lime. 

Tin-  fxllowinR  !•<  a  li-f  of  tho  rharnc- 
teriatic  species  of  the  subdivisions : — 

1.  Waler-lfaM.— Jferiani  auleakhAH- 
(afo  nifpag,  LtptnUtia  afta^  TmOmtm- 

umntum. 

2.  Lower  Pentamerua. — Apiocyti* 

PnUmermtgohoiM,  JPmeipka/iia/jMV- 

X  Catakill  Sbaljr  Linestonc. — i^fro- 
fiwmemu  radtatOy  A  pmmttmli/em,  Jfe. 

n'«f«  Irrit,  Eatontn  nhi'/iilai  in,  Spirifrr 
mntnijtleHrHt,  Sp.  jitrlnmtUiMM*  (for- 
Mfljr  rngoBM),  Ptatjft€ra9ventneo$mm, 
Mnania  plemnp^  H.  (fbrmerlj  D. 
Hinsmanni). 

4.  Upper  Pcntamcrus. — PiutaiHcnit  p§eudo-galculii».  Jikguchttuellti  veiitricom, 
E.tMti»,  Spiri/er  toneiitHHa. 

Atrfpn  retirHlarU  and  Stit>phomrun  rugo»n  arc  nnmn;?  the  few  speciei  of  the 
Niagara  period  which  occur  in  the  rocks  of  the  Lower  Ilcltlorberg. 

In  Perry  co.,  Tennessee,  there  is  apparently  a  luiugliiig  of  tbo  foMila  of  the 
Ktegm  aad  Iiower  Helderberg  periods  in  » tin^e  thin  lajer,  and  It  hu  not  yet 
bora  feoad  eaqr  to  Mpante  then  into  the  two  perloda. 

It  is  quite  possible  that  in  the  interior  of  the  Mississippi  basin 
many  of  the  Niagara  speoies  were  continued  into  the  Lower  Ilel- 
<ierberg  period. 


Ttentoculitea 
omatna. 


Can»TA«  r.WH.  —  Ki;;.  4.■'»^,  Kurv- 
ptvnw  rewipen,  a  sniall  i^wct- 
meo:  4M»  LapardttU  alte,  n*- 
laiml  aise. 


in.  General  Obaervatknis. 

Oeog;Taph7. — In  tho  .Salina  porio«l.  as  nlromly  explained,  tho 
limestone-niiiking  seas  of  the  Niagara  period  in  New  York  had 
been  succeeded  by  a  great  range  of  muddy  flats  and  shallow  basins ; 
and  in  the  West  the  basin  had  apparently!  become  mueh  oontracted 
in  area,  judging  from  the  limited  extent  of  Salina  limestonea* 
NVitlior  of  tli«^se  fornintions  reaclios  to  eastern  New  York. 

In  the  Lower  Ilelderberiir  pfriml,  whith  .«iueeeeds,  tlicre-  wa.s  a 
Murn  of  the  conditions  for  luaking  luucstone.s;  but,  in  striking 
contrast  with  the  formations  that  preceded,  tho  beds  have  thrir 
lareatcst  thickness  in  eatUm  New  York,  and  none  ooour  in  weatem. 
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ll^re,  then,  a  new  pha-^j  in  American  geography  is  brought  out  to 
view.  The  Lower  Helderberg  limestones  are  mainly  Appalachian 
formations  ;  for  even  the  New  York  part  is  directly  in  the  range 
of  the  Aj)palachians  of  Pennsylvania.  It  is  worthy  of  note  that 
this  limestone  formation  of  the  last  perio<l  of  the  Upper  Silurian 
is  the  first  one  that  was  produced  over  the  Appalachian  region 
after  the  Trenton  in  the  middle  of  the  Lower  Silurian.  But  the 
Ti-enton  beds  spread  over  both  Etist  an<l  West,  while  the  Lower 
llclilerberg  occur  only  sjwingly  in  the  West;  and  in  this  the  two 
periods  are  in  contrast,  the  older  formation  having  the  widest  dis- 
iribution. 

The  sinking  of  eastern  New  York  which  was  required  for  the 
Ibrmation  of  the  Lower  Helderberg  limestones  probably  submerged, 
wholly  or  in  f>art,  the  Green  Mountain  region,  which  appears  to 
have  been  dry  land  in  the  Niagara  period.  That  it  aftecte<l  the  rest 
of  the  Afipalsichian  region  to  the  southwest  is  manifest  from  the  dis- 
tribution of  the  rocks  in  that  direction.  Outside  of  the  limestone- 
making  seas  in  face  of  the  Atlantic  waves  there  were  probably  bar- 
riers of  sand  thrown  up  by  the  sea.  or  of  emerged  land,  repeating 
in  this  respect  the  condition  in  the  Trenton  period.  It  is  tme  that 
limestone  reefs  may  and  do  form  on  an  exjxised  coast;  but  only  in 
case  the  submerged  bottom  of  the  continental  border  (which  at  this 
time  w^aa  over  100  miles  wide)  was  not  so  near  the  surface  that  its 
sands  or  mud  could  be  thrown  over  the  growing  reefs  by  the  waves 
or  currents.  Limestones  have  been  made  for  the  most  \m  t  from 
the  relics  of  species  that  require  clear  water,  like  the  coral  lime- 
st ernes  of  existing  seas.  So  great  a  breadth  of  shallow  border  as  that 
of  the  American  coast  could  hardly  have  exist<'<l  at  the  time  with- 
j)ut  sand-reefs  being  thrown  up  to  fend  off  the  waves,  unless  the 
whole  were  dee])ly  submerged. 

ORSERVATIUNS  ON  THE  AMERICAN  UPPER  SILURIAN. 

Qeneral  features. — Fresh-water  lakes  and  rivers,  fresh-water  de- 
posits, and  land  or  fresh-water  animal  life,  continue  unknown 
tlirough  the  American  records  of  the  Upper  Silurian,  as  thus  far 
investigated.  Su<  h  rivers  and  lakes  probably  existed,  as  it  is  cer- 
tain there  was  dry  land  ;  but  they  have  left  nothing  that  sun'ived 
subsequent  changes.  It  is  barely  possible  that  some  of  the  Mol- 
lusks  may  have  lived  in  fresh  waters  ;  but  the  remains  are  so  mingled 
with  species  that  are  obviously  sidt-water  types  that  it  cannot  be 
prove<i  to  be  true  of  any. 

With  regard  to  land-plants  there  is  some  doubt.    Certain  sub- 
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cylindrical  fossils  found  in  the  islaml  of  Anticosti  (p.  231)  have 
been  referred  to  plants  and  named  Beairicea.  Similar  fossils  occur 
alio  in  Kemtueky.  Bat  the  unbiguoiu  chametw  of  the  foMila, 
their  occnrrenoe  in  limestone,  and  the  non-oecufrence  of  any  Und- 
pbmts  in  the  marls — originally  marshes— of  the  Salina  period, 
makf  their  vegetable  nature  very  doubtful.  It  is  not  im])Ossible 
that  leaves  and  stems  of  true  land-plants  may  yet  be  found ;  but 
it  it  very  rennrkable  that,  if  exiiting^  the  beds  of  shale  and  ap- 
giUaoeoiis  sandstone  should  have  been  so  extensively  explored 
without  fin<ling  tliem.  • 

Conditions  of  the  Continent. — The  survey  of  tho  successive 
formation.^  of  the  Upper  Silurian  teaches  that  the  geological 
disnges  in  progress  were,  like  those  of  the  earlier  Silurian,  of  con> 
tawntal  extent.  The  canses  in  action  were  not  making  a  mere 
«d|^  to  the  continent,  as  in  Tertiary  times*  bnt  were  building 
up  the  very  continent  itself  by  wide^ptead  aocnmulations  of  lime- 
rtone,  sands,  and  clays. 

Moreover,  the  continental  seas  were  not  the  ocean's  bed.  In 
nsny  of  the  epodu,  the  ripple-marks  and  cracks  from  snn^drying 
pmre  the  shallownes.s  of  the  water  over  great  regions  and  a  wide 
expanse  of  exposed  l)eae}ies  and  marslies  in  others.  The  eorals 
and  the  profusion  of  marine  life  in  tlie  limestones  are  also  proofs 
of  shallow  waters.  No  greater  depth  than  50U  feet  is  indicated 
by  any  of  the  species;  and  as  corals  were  probably  limited  then, 
M  now,  to  within  twenty  fathoms  of  the  surfoce,— for  they  can 
■nke  solid  limestones  only  where  the  waves  can  help  them, — ^the 
continental  seas  must  have  been  to  a  considerable  extent  muoh 
less  deep. 

The  continental  areas  still  included  little  permanent  diy  land. 
Tlie  continent  had  enlarged  somewhat  since  the  Aaoic  age  \  hot  the 

greater  part  of  the  United  States  was  yet  to  be  completed  by  the 
deposition  of  the  Devonian,  Carboniferous,  and  lat^r  beds. 

Contrast  between  the  Interior  and  the  Appalachian  regions. 
—The  shales  and  sandstones  whidi  prerail  in  the  East  from  the 
vidnity  of  the  AmIo  of  New  York  southwest  along  the  Appala- 
chian rogion  are  mostly  wanting  in  the  West,  where  tho  Niagara 
limestone  is  widely  distributed.  In  some  places  on  then  north 
there  is  a  limestone  of  the  Salina  period.  The  West  was  there- 
fore in  certain  parts  still  making  limestones  while  flie  Bsst  inter* 
posed  between  its  limestones  extensive  day  and  sand  deposits. 
The  limestones  of  the  West  prove  slight  changes  of  level  there ;  the 
argillaceous  beds  and  sandstones  of  the  East,  great  oscillations 
over  the  Appalachian  region;  and  in  the  Niagara  period  they 
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amounted  in  Pennsylvania  to  at  least  500  feet  in  the  Oneida 
epoch,  1500  feet  in  the  Medina,  over  2000  feet  in  the  Clinton,  1500 
feet  in  the  Niagara  and  Salina,  and  500  in  the  Lower  Ilelderberg, — 
in  all  GO<M)  feet.  In  the  Salina  period,  the  subsiding  area  stretched 
up  into  New  York  west  of  its  centre;  for  it  waa  there  that  the 
Salina  beds  were  formed  to  a  thickness  of  1000  feet. 

Life. — (a.)  General  feature*. — The  range  of  animal  life  was  in 
its  grander  divisions  the  same  as  in  the  later  part  of  the  Ix>wer 
Silurian.  Tlio  highest  species  continued  to  bo  the  Cephalopods, — 
the  fir^t  among  Mollusks,  and  that  group  among  Invertebrates 
that  more  than  any  other  embraced  characters  of  the  Vertebrates; 
for  example,  perfect  organs  of  sight,  hearing,  and  touch,  great  size 
and  strength,  and  powerful  arms  for  prehension.  The  Crustaceans 
belong  to  a  higher  type, — the  Articulate, — but  only  to  the  lower 
division  of  that  type.  The  Vertebrates  are  yet  unknown  among 
American  Silurian  fossils. 

While  the  grand  types  remained  the  same,  there  were  changes 
through  the  disappearance  of  many  genera  and  families  and  the 
introduction  of  others. 

[b.)  Radiates. — The  group  of  Graptolites,  which  passed  its  clinaax 
in  the  Lower  Silurian,  had  its  last  species  in  the  Clinton  epoch  of 
the  Upper  Silurian.  Crinideans  were  brought  out  in  many  new 
genera  and  an  increasing  number  of  species.  Corals  became  much 
more  varied ;  the  Chain-corals  [Halysilcs]  were  common,  but  passed 
away  with  the  Upper  Silurian  ;  the  Favosites  and  the  Cyathopliyl- 
loids  also  increase  in  abundance,  and  abound  still  later  in  the 
Devonian. 

(c.)  MoUusks. — MoUusks — the  dominant  type  of  the  seas — are 
most  abundantly  represented  by  Brachiopods.  Among  them,  the 
genera  Spmfer,  Athyris,  Chonetes,  and  otliers,  were  added  to  lAn- 
gula,  Orthis,  LepUena,  lihynchondla,  Atrypa,  etc.  of  the  Lower  Silu- 
rian ;  at  the  i^ame  time,  Orthis  had  lost  its  pre-eminence,  and  was 
of  few  species.  The  Lower  Silurian  Brachiopods  have  no  bony 
arm-supports  internally,  excepting  the  very  short  ones  in  Ithyncho- 
nella.  In  both  Spiri/er  and  Atrypa  these  supports  were  long  and 
rolled  spirally.  The  genus  Spiri/er  commences  with  narrow  spe- 
cies, little  broader  than  high,  but  in  the  later  part  of  the  Upper 
Silurian  they  are  already  much  wider  (fig.  420),  though  not  as 
extravagantly  so  as  in  many  of  the  species  in  the  Devonian  and 
Carboniferous  nge,s. 

The  Conchifers  and  Gasteropods  are  few  compared  with  the 
Brachiopods ;  and  in  both  groups  the  species  are  mostly  siphon- 
less  ;  that  is,  the  Gasteropods  have  the  aperture  without  a  beak. 
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and  the  Con<  hifers.  with  the  exception  of  the  Cardiiim  family,  have 
thepailial  impression  entire  (fig.  163 ).  The  species  ot  Conchiters  are 
wmidj  of  the  MiftUus,  Amada,  Area,  ftnd  Oaeri&vm  fynOlM;  thoae  of 
tlie  Qaatoropods,  mainly  of  the  Bdlanphon  and  TVpdktu  fiuniliee. 
The  TentacuRUi  have  their  climax  in  the  Upper  Silurian* 
in  great  numbers  in  some  of  the  rocks  ;  after  this  they  are  compa- 
ratively rare.  Among  Ceplmlopods,  the  Orthocerala,  while  common, 
•re  not  so  large  nor  so  numerous  as  in  the  Lower  Silurian. 

The  genua  Ohnoemw— with  large  beaded  aiphnncle— oeasea  with 
the  Niagara  period.  Both  the  straight  and  the  curved  or  coiled 
shells  have  the  partitions  simply  arched,  and  not  plicate  as  in 
after-time.  The  Conularicg  are  more  numerous  and  larger  than 
before. 

{d.)  ArtkulateB^'-'The  8ah>kingdom  of  Artlculatea  atiU  embraces 
only  the  water-types  of  Worms  and  Gruataceans.  Trilobitea  are 

multiplied  in  genera, — Hrmalonotus  and  Phacops  being  added  to 
Calymeni',  A^pioxhis,  Asaphi>.^\  rff(r»v.<!,  TAfliax,  Acidaspis,  and  Dalmnnia 
of  the  Lower  Silurian.  The  bivalve  Crustacean.^,  or  O-stracoids,  are 
»ery  common.  In  the  Eurypterui  (fig.  433)  there  is  a  new  step  in 
the  development  of  the  Crustacean  type,  yet  one  still  within  the 
lowest  order,  that  of  Entomostracans.  It  was  observed,  p.  203, 
that  Trilobitea  and  Phyllopods  were  fomprehmsive  types, — that  is, 
types  embrac'infr  features  of  other  unexpressed  grou})s  of  Crusta- 
ceans, and  not  typical  Entomostracans.  The  Ostracoida,  also,  are  a 
peculiar  group,  and  have  a  close  res^blanoe  in  generd  structure 
to  the  young  of  a  tribe  that  appears  long  afterwards, — ^the  one 
indnding  the  Cirripeds  (Barnacles  and  Anatifas,  p.  154).  With  the 
E'lryptmis  commences  the  tyi)ical  Entomostracan.  It  belonps  to 
the  same  general  group  with  the  Cyclops  and  Happhmm, —  the 
(^fdopmdtt — ^the  largest  tribe  in  the  order  of  Entomortraoans. 

(«.)  ExHneaoH  ^peeief .— The  number  of  Upper  Silurian  spedes 
thus  (ar  described  from  the  American  rocks  is  about  680,  which  is 
at  least  2<K)  short  of  the  numV»er  existing  in  collections.  Not  a 
Hf>ecies  existed  in  the  later  half  of  the  Upper  Silurian  that  was 
»live  in  the  later  half  of  the  Lower  Silurian.  Less  than  a  dozen 
■pedes  are  continued  into  the  Devonian,  and  these  disappear  long 
before  the  dose  of  that  age. 

(/.)  Genera  of  exl^lmg  seas. — To  the  list  of  existing  genera  no 
flditions  are  made  in  the  course  of  the  lJ{)per  Silurian.  All  but 
the  few  before  enumerated,  Lingula^  Dtscina,  J^'auiilus,  Jihynchonellaf 
■ad  Ghana,  become  extinct. 

Othwito. — ^There  is  no  evidence  that  the  olimate  of  America 
indaded  frigid  winds  or  seas.  The  living  spedes  in  the  waters 
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betwe«n  the  parallels  of  30®  and  45**  were  in  part  the  same,  or 
clocicly  related  in  species,  with  those  that  flourished  between  the 
parallels  of  C5*>  and  80».  (See  pages  238  and  242.)  From  this  life- 
thermometer  we  learn  only  of  warm  or  temperate  seas. 

FOREIGN  UPPER  SILURIAN. 

The  rocks  of  the  Upper  Silurian  are  as  widely  distributed  over 
the  globe  as  those  of  the  Lower  Silurian,  occurring  in  Great  Britain, 
Spain,  France,  Germany,  Russia,  Sardinia,  and  other  countries  of 
Europe,  and  in  Asia,  Africa,  and  Australia.  Throughout,  they  sus- 
tain the  principle  that  these  early  formations  are  in  general  of  con- 
tinental range.  They  seem  on  a  geological  map  to  cover  but  small 
areas,  but  only  because  they  are  concealed  by  later  formations : 
they  lie  underneath. 

The  table  on  page  168  ezbibita  tomo  of  the  foreign  equivalents  of  the  Ameri* 
fl«n  Upper  Silurian. 

The  equivalents  of  the  Niagara  period  in  Great  Britain  are  (1)  the  Lower 
Llandovery  beda  of  South  Wales  (especially  near  Llandovery),  supposed  to 
correspond  to  the  Medina  group;  (2)  the  Upper  Llandovery  of  Shropshire  and 
other  localities  (including  the  May  Hill  sandstone),  corresponding  to  the  Clinton 
group;  (3)  the  Wcnlook  group  (divided  into  the  Lower  Wenlock  or  Wool  hope 
limestone,  the  Wenlock  shale,  and  the  Upper  Wenlock  or  Dudley  limestone), 
corresponding  to  the  Niagara  limestone.  The  Ludlow  group  (4)  (consisting 
of  the  Lower  Ludlow  rocks,  the  Aymostry  limestone  and  the  Upp«r  Ludlow)  Is 
regarded  as  corresponding  to  the  Lower  liclderbcrg. 

The  largest  Upper  Silurian  area  in  Oroat  Britain  w  situated  near  the  borders 
of  Wales  and  England,  where  are  the  May  Ilill  sandstones,  the  Wenlock  or  Dudley 
limestone  and  shales,  and  the  Ludlow  argillaceous  sandstones  and  shales,  in 
which  lies  the  Aymestry  limestone.  Another  area  is  in  northern  England,  on 
the  west  side,  whore  are  the  Coniston  limestones  and  grits,  the  Irclcth  slat«s 
equivalent  of  the  Wenlock,  and  the  Kendal  tilestones  equivalents  of  the  Upper 
Ludlow.  There  are  other  areas  in  southern  Scotland  and  Ireland.  The  thick-- 
nesi  of  the  British  Upper  Silurian  is  about  5000  feeL* 

In  Soandinavia,  the  limoatones  and  sandstones  of  Gothland  represent  the 
Niagara,  and  the  Galcifcrous  flags  and  Upper  Malmti  group  the  Up]>er  Helder- 
borg.  In  Bohemia,  the  Medina  and  Clinton  epochs  are  represented  mainly  by 
sandstones  or  quarttites,  and  the  later  Upper  Silurian  by  limestones  and  schLsta 
of  Barrande's  formations  E,  F,  G,  H. 


*  The  student  desiring  information  on  the  Silurian  of  England  will  find  the 
subject  displayed  with  great  fulness  in  Murchison's  Siluria,  the  second  edition 
of  which  appeared  in  England  in  1859.  The  work  also  gives  the  best  digest 
that  haa  been  made  of  the  facts  relating  to  the  Silurian  and  other  Palasosoie 
formations  of  Europe. 
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The  foil  -will:;  tables  show  tho  difftribntioQ  in  othar 
•f  the  2su4(ara  and  Lower  Helderberg  periods. 


1.  American  Niagara  Spfciea  occurring  tUewhere. 
BU^fiUm  taJlitmutata,  Great  Britaia  (Llandeilo,  Dudley,  Aymestry),  Norway, 

Htliolittt  j>>iri/.rmi»,  Qrmi  BrItalD  (WmdoA,  Ajmmtxj),  TniMi^  BmtAn, 
Buwia,  liUel. 

ftriMUfBiii  amtamittM,  OtmI  Britain  (Dnilqr),  Sw«cUa,  BomI^  BftL 

Limarxa  fnttieosa.  Great  Britain  (Dudley,  Aymcstry),  BoMIB. 

Limarin  chtihrata  (/),  Great  Britain  (Dudley),  Roaaia* 

Icktkgocrimtu  Uvit  (/),  Grcut  Britain  (Dudley). 

EiKmfyftotrtmt  dteonu,  Oraat  Britain  (DutUey). 

OrtAi*  dfjnntutn,  Grent  Britain  (W«llllMk),  QothlMld  (iS  SwtdMl). 

Onkii  kgbrida,  Great  tiritain. 

OrtkU  kitoba.  Great  Britain  (Dudley),  OotUuuL 

Ortkk  Flaiettulwm,  Onnt  Britain  (Bdn). 

Leptma  fmufrrronh'',  Ofoat  Britain,  Gnthlnn'l. 

Sinpkomena  ru<jo»a  (formerly  l^ftntHa  drjireMa),  Great  Britain  (Dadlcy,  Ay- 
■eetry),  Sweden,  Rnseia,  Beljcium,  Eifcl,  France,  Spain. 

Spiriftr  criiput,  Great  Britain  (Llandeilo,  Daidky)^  GothbUld. 

Spirifrr  r,it{i'Uu»,  Greiit  Britain  (Dudley). 
Spirijer  tutcatu*  (/),  Great  Britain  (Dudley). 

iirjgMi  rtHailaru,  QfU  Britain  (W«ttlMk),  CtotUand,  CtanuHj,  Bnnin 

(rraly.  Altrii). 
MtriHa  {liAgnchonella)  nilida.  Great  Britain,  OoUilnnd. 
Skgndumelta  bifUiUata,  Groat  Britain  (Wenloelc). 
Rhftthnelia  tmuakh  OtMi  Britain  (Wenlook),  GotUud. 

Rh  fnrhfmeUn  plt'cnttlfn,  Orent  Rrit.'iin  ( y>' eoMtf  AjmMlblj)m 
Rkgnekotpira  f  (Atrgpa)  apriui;  Uuiwia. 
PiaHamtrm  hrmirottria,  Oraai  Britidn. 
Pfn(am«nu  inUrplieatu;  Great  Britain. 

Orthftrrran  {mplirnliim.  Great  Britain  (Lodlov),  QothlMlda 
Ortkoctras  rirgatum,  Great  Britain. 
Ortktetrtu  nwAfafw,  Great  Britain,  Bifel. 

Ahm  (Ifaaia*/!*)  Burrtennin.  r<rc'iit  Britain  (Dudley). 

Aaeofw  limnlunu  (/),  Great  Britain  (Dudley),  Bohemia  Sweden. 

Anrame  inmymi;  Bohemia. 

OOgmtmBbmmMkUfOmU  Britain  (Bnla,  Wenlook),  Siredan,  Nonrij,  Bo- 
hemia, France. 
Hmalonottu  delpkinocepkaltu,  Groat  Britain  (Dudley). 
Aeitae  ahHiH,  OtMi  Britain  (Dudley). 

2.  Amerkm  Lower  Hdierherg  Sjptaa  oeamimg  dtewken, 

htf^mnta  ruffoM,  ChTMt  Britain  (Dndkja  AjuMstiy),  OolUand,  BnMta,  BilU, 
FnaM^  Spnin. 
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Atnfpa  reticMlari;  Qre&t  BriUin  (Wenlock),  Sweden,  Rasiia  (Urals,  Altai), 
Bohemia. 

Datmania  natuta.  Great  Britain,  Sweden,  Russia. 

Euryplrnu  remipe*,  Russia  (island  of  Oosel,  according  to  Koyserling). 

Pentamenu  t/aUatuM,  Oreat  Britain  (Aymcstry,  Dudley,  Ludlow),  EifeL 

There  are  a  number  of  other  species  closely  like  European,  bat  they  are 
regarded  by  Uall  as  distinct. 

3.  Arctic  American  Upper  Silurian  Species  occurring  elsewhere. 

Hnlyiile*  catennlnta,  tireat  Britain,  Norway,  Sweden,  Russia,  U.S. 
Favotile*  Ootklnndicn,  Great  Britain,  Sweden,  U.S. 
Favorite*  polymnrpha.  Great  Britain,  France,  Belgium,  EifeL 
Stromuloporn  conceutrtca,  Great  Britain,  Eifcl. 

Reeeptaculitet  Neptuni  De  France,  Great  Britain,  Bcl);ium,  Eifel,  U.S. 

Orthit  eltgantula,  Groat  Britain,  Gothland,  Russia,  U.S. 

Atnfpa  reticnlnrit,  Great  Britain,  Gothland,  Urals,  Altai  in  Siberia,  U.S. 

Pentamervt  Cotichidium  Dalman,  Gothland. 

RhyHchonella  tublepida  T  Dc  Verneuil,  Urals. 

Encrinnrn*  Irvf*  f  Angelin,  Gothland. 

Ltptrditia  Baltica  Ilisingcr,  Gothland. 

There  are  a  considerable  number  of  species  in  the  British  Lower  Silnriao 
which  pass  into  the  Upper  Silurian.  They  are  found  mingled  in  the  inter- 
mediate Llandovery  formations,  which,  although  classed  with  the  Upper  Silurian, 
contain  between  40  and  50  species  that  occur  also  below. 

Banrande  has  found  nearly  2000  species  of  fossils  in  the  Bohemian  Silurian 
basin  above  the  Primordial  strata.  The  limestone  E  abounds  in  organic  re- 
mains, and  among  them  are  400  species  of  Cephalopods,  and  78  species  of  Tri* 
lobites  (of  the  genera  Cnlymtnr,  Aridanpi*,  Cheiruriit,  Oyphntpit,  Lichat,  Pkaeop; 
Hnrpe*,  lirouteut,  and  Pruftiit).  Barrande  regards  this  as  the  culminating  period 
for  the  Trilobito  race.  Limestone  F  also  contains  76  species  of  Trilobiles,  and  of 
the  same  genera,  associated  with  a  profusion  of  Brachiopods.  In  G  there  are 
many  Goniatites  and  other  species,  which  show  that,  while  the  strata  are  inti- 
mately connected  with  E  and  F  physically  and  in  their  fossils,  the  {>oriod 
probably  corresponds  in  part  with  the  early  Devonian.  Besides  40  species 
of  Trilobites  of  the  above  genera,  there  arc  others  of  the  Devonian  genus 
Dnlmania.  In  Bohemia  57  Lower  Silurian  species  pass  into  the  Upper 
Silurian. 

A  list  of  the  genera  common  to  the  American  and  Europ<»an 
continents  would  show  almost  a  complete  identity,  and  the  same 
system  of  progress  from  tho  Lower  Silurian  onward.  In  each,  the 
genera  Spirifer  and  Chonetes,  among  the  Brachiopods,  were  added  to 
Orthis,  Ijrpt(rna,  and  A(n/pa;  Halysites  (Chain-corals),  Favosites,  and 
Cyatfiophyllida  became  abundant ;  Crinoids  were  greatly  multiplied  ; 
and  the  Eurypterus  group  or  Cyclopoid  Crustaceans  commenced  a 
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new  line  among  the  Articulates ;  while  Graptolites,  so  common  in 
the  Lower  Silurian,  were  few  in  species  and  numbers,  and  finally 
became  extinct  before  the  close  of  the  era. 

There  was  thus  a  uniformity  of  life  in  the  New  and  Old  World. 
Similar  genera  made  their  appearance,  and  others  their  exit.  In 
neither  have  we  any  evidence  that  the  progress  had  reached  to  the 
intnxiuction  of  land  or  fresh-water  species  of  animals ;  and  no  relic 
of  a  land-plant  has  yet  been  discovered  in  the  Silurian  strata  of 
Europe  or  Britain,  except  in  the  uppermost  beds  (page  204). 


Tbe  rollowing  figares  illustrate  some  of  the  Drilivh  Upp«r  Siluriao  species 
not  ret  found  in  America. 

Fiff-.  4^5-4-10. 


^§.43.1.0,  Ompbyma  tiirbinat«:  436,  Cy»liphyllum  Silurlon»c;  -t-TT,  CroUlocrinus  rup^oaui; 
43K,  PenUtnerus  Knigbtii;  439,  Gramjii)'Biii  cingulata;  440,  a,  I'teryRotua  bilubu«. 


Pig.  438  is  the  ryafh«iphylloid  cornl  Cy*'?/)*//"'""  Sihirimie  ;  fig.  4.1>S,  another, 
Ompk^ma  tmrbinala,  reduced  one-half  in  size;  lig.  437,  Crotahcrimt*  ruyonua, — 


264 


PALJBOZOIO  TIME — UPPKR  SILVRIAN. 


all  three  of  the  Wenlook;  438,  the  Peutamertu  Kniyhiii  of  the  Aymestry  lime- 
itone ;  439,  Orammi/tia  eiHgnlaia  of  Dudley ;  440,  the  Ptenfgotut  bttobms,  related 
to  tlw  Mnyptmntr-^  g«BM  mhm  of  whoto  opoolMy  aoeordiaff  to  BaUoir,  wtm 

^evon  <ir  I'ight  feet  \i>nf;.  cxceedinp  moflcrn  Oni'^tarcans  hy  several  feet.  It  is 
an  earljr  leason  taught  bjr  scienoe,  that  aiie,  however  important  in  some  part* 
•r  the  tfttimt  of  iratoio,  if  bo  noeoomry  oritorion  of  rank. 

On  some  shells  traces  of  the  ori>;iiml  colors  still  remain,  proving 
that  there  was  beauty  of  coloring  in  Silurian  times  as  well  as  now, 
and  also  thai  the  speoies  lived  in  eompantiTdy  afaaUovr  waten. 
Professor  Forbes  hat  stated  that  color*  arranged  in  figures  are  not 
found  on  shells  whidi  live  below  a  depth  of  fifty  fathoms. 

Notwitbstaading  tlie  atriklag  oolneldoiiooB  la  spoelos  and  stfll  aioio  fai  goaora 

between  the  New  nnd  Old  World,  there  are  di«rrepanrio«  which  make  it  quite 
difficult  to  determine  with  precision  the  equiralenoy  of  the  rocks.  The  Wenlook 
bods  eontalD  somo  40  Niagara  ipacies;  and  still  there  are  quite  a  nvinber 
(among  them  Dalmania  Hau$putnni  and  Pentanitmi  'jaleaiun)  that  are  c1o»cIt 
ri'latcd  to  species  found  in  the  period  of  the  Lower  Helderberg.  The  Ludlow 
beds  are  related  similarly  to  the  Lower  Helderberg,  and  still  some  species  ooear 
in  Umb  that  in  Amrloa  oxist  only  in  tlw  Dovoniaa.  This  is  so  striking  a  liMi 
that  the  Ludlow  is  generally  recnrded  as  extending  into  the  Devonian, — the 
Anorieaa  reoords  in  this  being  the  assamed  standard.  Mr.  Hall  takes  tliis 
ground. 

The  group  of  Cyathophylloid  corals  is  much  more  largely  de- 
veloped in  the  Ludlow  beds  than  in  the  American  Silurian ;  for  the 

coral-reef  period  in  America  is  that  of  the  Upper  Helderberg  in 
the  Lower  Devonian.  Besides,  there  is  the  higlu  r  proup  <»f  Fishes, 
the  first  of  the  Vertebrates,  some  relics  of  which  occur  in  the  upper 
layers  of  the  Ludlow  beds.  These  remains  are  of  the  genera  L'tpha- 
UupUf  Onektu,  and  Mednebia:  the  first  belongs  to  the  tribe  of  Chui> 
oMs,  and  the  ottier  two  to  that  of  the  Selachians  or  Sharks.  In 
the  same  I.ndlow  bods,  traces  of  land-plants  have  been  found,  in 
the  shape  of  minute  globular  Inxlies  which  have  been  regarded  as 
the  seed-vessels  of  some  species  of  the  Lycopodium  tribe  of  plants. 
The  upper  part  of  the  l^urian  beds  in  Bohemia  has  also  aflbrded 
fish-remains  of  similar  oharaoter  to  those  of  the  Ludlow  beds. 

If  the  Ludlow  beds  bo  divided  and  the  upper  part  referred  to  the 
Devonian,  then  these  species  of  fishes  and  the  associated  land-plants 
will  come  into  that  age, — the  Age  of  Fishes. 

Still,  if  fosnl  fishes  should  hereafter  be  found  eren  lower  in  the 
Silurian,  it  will  harmonise  entirely  wiih  the  qrstem  in  other  pwta 
of  the  geological  series.  As  has  been  stated  on  p.  126,  we  naturally 
look  for  precursors  of  every  Age.  There  were  Mamniril-^  before  the 
age  of  Mammals,  Reptiles  betbre  tiie  ago  of  Keptiles,  Acrogeos  and 


Digitized  by  Googl 


205 


Conifers  before  the  age  of  Coal-plants;  and  so  there  may  have  been 
FU1C6  precursors  of  the  age  <tf  Fishes.  This  is  consonant  with  the 
pnndples  inTolTod  in  the  veiy  nature  of  history. 
Enropeui  geology,  as  far  m  developed,  sustains  Uie  conehisions 

deducpd  from  the  American: — that  tlio  Upper  Silurian  era,  to  its 
close  (with  the  exception  above  riii  iitioiu'd.  if  it  he  such),  was  an 
era  of  small  areas  of  dry  land,— of  continents  motitly  submerged, 
though  not  neoessarily  at  great  depths,— of  warm  waters  to  tha 
poles, — of  marine  life,— of  MoUusks  and  inferior  Crustaceans  as  the 
higher  life  of  the  seas,  and  the  flower-like  Corals  and  CMnoids  as  tiie 
inferior  life,  and  of  Sea-weeds  as  the  vegetation. 


AGE  OF  FISHEi:^,  Oii  DEVONIAN  AGE. 

The  TV-vnnian  formation  was  SO  nnnied  by  Murchison  from  Devon- 
shire. Knglatul.  where  it  oreurs,  and  abounds  in  organic  remains. 
Both  in  Arnoricii  and  other  eoimtries  the  hedn  pass  into  tliose  of 
the  Silurian  by  an  easy  transition.  Yet  tliey  still  murk  a  new  epoch 
In  the  progress  of  life,  and  thus  stand  apart  in  the  qrstem  of  geo- 
logM  history. 

The  periods  and  epochs  in  the  American  Devonian.  a«i  deduoed 
ft'  :n  the  series  of  rocks  laid  down  by  the  New  York  geologists,  are 
at  ioliow  :— 

B.  CATCKIU.  Pnuoa  (13)   CntRkill  Red  Sand.«tonc  (12). 

4  Cmmie  Pbbiod  {U)....«  i  J'  S*!"*""^  *;>'>rA-Chen,ung  group  (ll  6). 

(1.  iwtage  e/we*— Portage  groap  {II  a). 

!3.  Gfiifner  epoch — Gencseo  bwbi(lOr). 
2.  lIumilioH  tporh — Ilatuilton  gronp  (10  i). 
I.  MurceUua  epoch — Marocllua  group  (10  a). 
8.  (^fp0r  BeUhritrff  ijitodk — Upper  HsIdarlMirs 

group  (9  c). 
3.  8Aohari«  epoch — Soboharie  grit  (9  h). 
h  Cbntfa-Oslit  cfMwi— CandaHOalU  grit  (9  a), 
h  OaiSKAjrr  Pbbiod  (8)»mm».  Oilskaay  taadttoiM. 


1  OMunvaaovs  Paanm  (f  )^ 


The  forination«»  of  the  first  and  second  periods  are  sometimes 
designated  the  Lower  Devonian,  and  those  of  the  third,  foui'th,  and 
lUlh  periods,  the  Upper  Devonian.  The  Comiferom  period  waa  the 
great  llmestone-making  poriod  of  the  Deroniaa  age  in  Amerioa. 
The  rocks  of  the  succeeding  periods  (Upper  Devonian)  are  mosUy 
at  sandstones,  with  only  sahordinate  layers  of  limestone. 
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1.  ORISKANY  PERIOD  (8). 

I.  Rocks :  kinds  and  distribution. 
The  Oriskany  ^ndstone  is  named  from  the  town  of  Oriskany.  in 
Oneida  co.,  N.Y.,  one  of  ita  localities.  The  rocks  are  mostly  rough 
sjuidstones.  They  are  30  feet  thick  in  this  region,  and  thin  out  both 
40  the  east  and  west,  being  barely  recognizable  on  the  Hudson,  and 
to  the  west  extending  as  far  as  Cayuga  Lake.  West  of  the  Appa- 
lachians, beyond  New  York,  the  formation  is  for  the  most  part  un- 
known ;  but  along  the  Appalachian  rerfion  it  stretches  south  through 
Ponnsvlvunia,  Maryland,  and  Virginia,  having  a  thickness  of  several 
hundred  feet,  and  retaining  its  rough  aspect ;  and  it  also  occurs  to 
the  north  at  Gaspe,  near  the  Gulf  of  St.  Lawrence.  In  the  Eastern 
border  region,  the  formation  has  been  identified  by  its  fossils  in 
Maine  between  Parlin  Pond  and  the  Aroostook  River,  and  else- 
where ;  also  in  Nova  Scotia. 

Th«  undslone  consists  either  of  puro  siliceous  sands,  or  of  argillaceons  sands. 
In  the  rormer  case  it  is  usually  yellowish  or  bluish,  and  sometimes  crumbles 
into  sand  suitable  for  making  glo^s,  ns  at  Vcmon,  N.Y.  In  the  latter  it  is  of 
m  dark  brown  or  reddish  color,  and  was  once  evidently  a  sandy  or  pebbly  mud. 
In  some  places  it  contains  nodules  of  hurnstone.  The  beds  are  often  distin- 
guished by  their  rough  and  hard  dirty  look  (especially  after  weathering)  and 
the  large  coarse  calcareous  fossil  shells, — species  of  Brachiopods.  The  sandatona 
occurs  in  Cayuga  co.,  Canada  West,  and  also  on  the  Mississippi  in  Illinois.  In 
8t  Genevieve  co.,  Missouri,  the  rock  is  a  limestone  (Shumnrd). 

The  Nova  Scotia  strata  of  this  epoch  occur  at  Nictaux  and  on  Moose  and 
Bear  Rivers.  They  include  a  thick  band  of  fossiliferous  iron-ore,  which  is  an 
nrgiHacoous  deposit  nt  Nictaux,  but,  owing  to  partial  metamorphism,  U  a 
uagnotio  iron-ore  on  Moose  River. 

n.  Life. 

1.  Plants. 

No  remains  of  land-plants  have  been  yet  observed.  Considering 
tlie  nature  of  the  rock,  the  negative  evidence  bears  strongly  against 
the  oxistcnco  of  land-vegetation  in  the  Oriskany  period. 

The  rocks  of  Qasp^,  according  to  Dawson,  contain  relics  of  Coniferous  wood 
and  other  plants,  and  are  pronounced  to  be  probably  Lower  Devonian ;  but  the 
particular  |)oriod  to  which  they  belong  is  not  known.  They  are  mentioned  beyond, 
under  the  Hamilton  period.  According  to  the  same  author,  remains  of  land- 
plants  occur  in  a  limestone  at  Qasp^,  which  "  seem,"  ho  observes,  "  to  indicate 
(he  occurrence  of  Pnlophyton  and  Noeggerathia  or  Cordaife*  in  the  Upper  Silu- 
rian of  Canada." 
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2.  AnimaU. 

The  most  common  species  are  the  coarse  Spirifer  arenosus  (fig.  442), 
and  the  RcnMelaeria  ovoidea  (fig.  444).    The  rock  is  often  made  up 

Figs.  442-444. 


BuCHTOPOM. — Figs.  443,  443,  Spirifer  arenoaiii;444,  RenaMlaeria  OToidaa. 


of  these  large  fossil  shells  crowded  together,  or  contains  their  casts 
with  the  cavities  the  shells  once  occupied.  Fig.  443  represents  a 
cast  of  the  interior  of  Spirifer  arenosxu. 

In  New  York,  the  foasila  include  Brachiopodi  (which  are  the  most  numerooa 
species),  Conrhi/erf,  Gmtteroptida,  Cfphnlnptidn  (Orikncf  rata,  etc.),  and  TnloLile; 
and  only  traces  of  Crinoida.  In  Maryland,  according  to  Ilall,  there  are  a  number 
of  fine  Crinoids  of  the  genera  Afariacrinun,  Edriocn'nut,  and  others,  besides  three 
ipeeies  of  Cy*tidtant,  and  among  them  one  of  the  peculiar  genus  Atiomalonf»tia 
(allied  to  fig.  418).  Among  the  Oaateropods  of  the  same  region  there  are  great 
DDmbers  of  shells  of  the  genus  Ptatyrtrat, — a  thin  conical  shell  having  the  top 
rolled  to  one  side  (like  fig.  458),  related  apparently  to  Javthinn  of  our  seas.  lo 
wme  placci  in  Maryland  and  Virginia,  they  occur  packed  crowdedly  together  in 
»  ?oft  sand-rock,  the  sands  of  which  are  hardly  more  coherent  than  those  of  a 
«ea-bcach  (Hall).  This  rock  contains  a  wonderful  profusion  of  shells,  although 
the  number  of  species  is  small.  The  ribs  of  some  of  the  Spiri/ert  have  a  pecu- 
liarity observed  in  only  one  American  Silurian  species  (of  the  Niagara  epoch), 
bat  in  Europe  not  known  before  the  Devonian  age, — which  is,  that  they  subdivide 
dicbctomottsly,  instead  of  being  simple. 

The  shell  in  the  genus  Rm—elaena  Hall,  contains  a  loop-like  arm-snpport,  a 
little  like  that  in  Trrebralula,  but  it  is  only  curved,  instead  of  bent,  and  has  a 
tpade-shapo  termination. 
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ITT.  General  ObservationB. 

The  Oriskany  sancbtone  is  another  of  the  arenaceous  rocks  ranging 
ftom  oentral  N«w  York  to  the  Mmtliwwt  akiig  the  Appalachian 
region^  and  fhos  Mnring  to  ddhie  the  old  Appelaohian  mnirntL 
This  it  does  not  onlf  to  the  south,  but  also  to  the  northeast  si 

Gaspe.  As  in  other  casps.  the  rock  thickeiiB  on  going  from  New 
York  to  the  southward,  sliowing  less  depth  ol  water  and  less  change 
of  level,  or  subsidence  towards  the  Axoic,  than  in  the  opposite 
direotion.  The  limits  of  the  fionnation  in  the  Stete  of  New  York, 
and  its  fossils  also^  seem  to  point  to  the  existence  at  this  epoch  of  n 
sheltered  bay  opening  to  the  southe;v*t. — such  a  New  York  bay  as 
might  have  existed  if  the  (ii  tH-n  Mountain  region  (as  before  in  the 
Upper  Silurian  era)  were  raised  a  dozen  feet  or  more  out  of  water, 
and  if  also  the  Asoio  of  northern  New  Jersey  (see  p.  137),  the  proper 
continuation  of  the  Qreen  Mountains,  were  an  island  or  reef  in  the 
sea.  The  muddy  and  sandy  bottom  of  the  bay  would  have  given 
the  shells  a  fit  place  for  growth.  To  the  south,  as  the  fossils  in 
Maryland  and  beyond  show,  the  accumulations  were  those  of  an 
open  bay  or  coast,  where  there  were  at  least  purer  waters. 

The  thickness  of  the  Ibrmation  along  the  Appalachian  regjoii 
indicates  a  continuation  of  the  series  of  subsidenoea  that  began  far 
back  in  the  Silurian  or  before.  Wo  may  hence  conclude  that  the 
Green  Mountain  region  was  a  narrow  island  lying  between  neas 
covering  more  or  less  of  New  England  and  New  York,  and  bounded 
hj  the  St.  Lawrence  channel  on  the  north ;  for  there  is  no  reaaon 
to  doubt  that  Devonian  as  well  as  Carboniferous  strata  occur  among 
the  now  crj'stalline  rocks  of  New  England.  The  region  of  Appft> 
lachian  subsidence,  instead  of  including  the  Green  Mountains,  as 
in  the  early  Lower  ^Silurian  era,  extended  northward,  in  the  direct 
line  of  the  Alleghanies,  over  the  southern  half  of  central  N«ir 
York,  as  in  parts  of  the  Upper  SUniiaa;  for  this  ia  mdicated  bj 
the  portion  of  the  sandstone. 

The  Oriflkuy  period,  taking  Into  view  the  whole  range  of  its  life,  tM  more 
cU»f«'!y  rplntf'il,  u  Hall  mtntoH,  to  the  laft  period  of  the  Filurian  than  to  the 
following  Devonian ;  bat  in  its  more  common  Bntcbiopods  it  bM  rather  a  De- 
▼Misa  shsnstor.  It  was  flntl  vpen  at  tlM  beginning  oftbeAsiwiout  Devonian 
by  the  snriamt  Frenob  geologist  M.  de  Vorncuil.  There  is,  however,  a  .HMUv 
complete  change  in  the  American  fauna  after  the  Oriakanj  period  than  before 
it:  for  this  reaaon,  and  on  aocount  of  the  relations  of  Its  fbnib  to  those  of  tho 
hmnt  Helderberg,  Hall  soggeats  the  query  whether  the  Devonian  sgs  WonM 
Boi  mora  propaily  eonuumos  with  the  next  or  Comiferou  pexiod. 
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2.  00RNIFER0U8  PERIOD  (9). 

Bpoohs. — 1.  Cauda-Galli,  or  that  nf  the  Cautlu-<hilli  grit  (9  a) ; 
2.  ScHOHA&u,  or  tlmt  of  the  hk-holmnu  grit  (9  L) ;  3.  Uhper  Hei> 
,  or  that  of  tlie  Onmdagft  and  ConufercNit  UoMstoDes  (9  c). 


L  Rooks:  kinds  and  distrlbatioii. 

1.  Cai  da-Galli  Epoch. 
The  term  Cuuda-Galli  rei'ers  to  the  feathery  forms  of  an  abundant 
fciril  supposed  to  be  the  impressions  of  a  sea-weed  (tig.  441),  The 
nek  is  a  drab  or  brownUh  argillaceoaB  sandstcme,  often  ahaly  and 
ormnbling.  It  resta  upon  the  Oriskany  sandstone,  but  its  position 
ia§om»nv}iat  more  eastf'rly,  it  lying  nltogethor  east  of  the  west  limit 
of  Oneida  co.,  Ji.Y.,  and  thickening  towards  the  Hudson. 

In  the  Ilelderbcrg  Mountains,  south  of  Alhany,  the  thickness  is  50  or  60  feet. 
It  extends  aoatberljr,  and  baa  be«n  observed  in  Sussex  oo..  New  Jersey,  and  on 
1W  saitsni  boidar  of  Psaa^lTaals*  with  its  eharaeteristis  Omida-gtMi  touSL 

2.  Sc»«ABn  Epoch. 
The  Sdudiarie  grit  is  a  fine-grained  calcareous  sandsttme,  contain- 
ing numerous  fossils.  The  lime  becomes  dissolved  out  on  exposure, 
leaving  a  rusty  rock  full  of  casts  of  tho  fossils  aii<l  holes  left  by  the 
removed  shells.  In  2sew  York  the  beds  arc  conliutd  to  the  eastern 
jttrt  of  the  State.  It  resembles  the  Oriskany  aandston^  but  has 
nqr  different  fonila. 

3.  UppmE  HiiiPBiWBO  Epoch. 
The  Tocka  of  the  Upper  Helderberg  epoch  are  limeatonea.  They 

^^prcad  widely  over  the  Interior  Continental  ioMi  firom  eastern  New 
York  to  the  States  beyond  the  Mississippi. 

The  formation  in  Now  York  is  divided  into  the  Onowlaqa  lime- 
stone (the  lower  part)  and  the  Comi/cnnut  limestone  (the  upper). 
Ihe  latter  oontaina  diwrnnmated  ma—wi  of  homstone  (or  imperfeot 
flint),  Ijring  in  hiyeraof  the  limestone  between  other  htyMO  that  con- 
tain little  or  no  bomitooe  (jmt  as  the  flint  lies  in  the  chalk-bed) ; 
and  hence  the  name  comiffrous  (from  the  Latin  cnmu,  horn).  The 
thickness  of  the  whole  series  of  stnita  is  in  some  places  350  feet. 

The  oolor  of  the  limestone  is  dark  grayish  and  occasionally  blaek  in  New 
IMCf  and  light  gray,  drab,  and  buff  in  the  Mississippi  basin. 
<fli.)Jhiertor  Clrafiii«ii(a/  6oWn.— In  New  York  the  beds  have  a  thidcttsss  SbMom 
WW  minilor  tlMOaoBdsfs  lisHStmis  aadMfsaifor  thsGonlAaras.  Tha 
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formation  hu  been  reoognited  in  Ohio,  along  the  Bboros  of  Lake  Eric,  in  Michi- 
gan, Indiana,  Illinois,  Kentucky,  Wisconsin,  Iowa,  Missouri,  and  other  part* 
of  the  Mississippi  basin,  but  the  subdivisions  above  mentioned  arc  not  distin- 
guishable. In  the  Michigan  peninsula  the  thickness  is  354  feet  (Winchell):  in 
Iowa,  60  to  60  feet  (Hall) ;  in  Missouri,  from  a  few  feet  to  75.  The  roeks  are 
finely  displayed  at  the  Falls  of  the  Ohio,  near  Louisville,  Ky.,  and  are  aa  fall 
of  fossil  corals  as  any  modern  coral  reef. 

The  upper  layers  of  the  rock  in  New  York,  which  are  usually  dark  grayish, 
are  nearly  black  on  the  Niagara.  In  some  localities  wcKt  of  New  York  the  rock 
is  oolitic.  In  Missouri,  siliceous  and  sandstone  layers  iiUernatc  with  the  lima- 
Btone.  The  hornstone  of  the  Corniferous  beds  is  often  left  in  rough  projectinf; 
masses  where  the  limestone  portion  ha«  been  worn  away  by  the  action  of 
water.    These  rocks  outcrop  also  in  southwestern  Canada,  N.  of  Lake  Erie. 

(&.)  Appalachian  rtgion. — The  Upper  Uelderbcrg  furmatiou  has  not  been  ob- 
served among  the  rocks  of  Pennsylvania  except  northwest  of  the  Kittatinny 
Mountain,  between  the  Delaware  and  Lehigh  Rivers. 

(c.)  Eatttm  border  region. — At  Owl's  Head,  on  Lake  Mcmphremagog,  near  the 
northern  borders  of  Vermont,  there  is  a  true  coral-reef  rock,  full  of  corals,  over- 
laid by  talcose  schist;  and,  although  partially  metamorphic,  many  of  tho  speci- 
mens of  fossils  are  tolerably  perfect.  Among  the  species,  Billings  has  rccog- 
nized  Sgringopora  Hiningeri  B.,  Favotite*  bataitiea  Ooldfueis,  DiphjfphyUtim 
ntramintum  B.,  and  Znphreiitit  gigauten  Lesucur.  Besides  thcin;,  according  to 
Hitchcock,  Atrypa  rttirnlnria  has  been  identified  by  Hall.  To  tho  south,  in 
Massachusetts,  at  Bemardj^ton  (west  of  the  Connecticut,  and  not  far  from 
Qreenfield),  there  is  also  a  metamorphic  limestone  of  this  epoch,  with  fossils 
(Hitchcrtck).  It  is  altogether  probable  that  Devonian  bed^  stretch  south  fnim 
Lake  Mcmphremagog ;  for  tho  rocks  have  this  »trike  through  the  whole  length 
of  the  State  (and  through  Now  England  generally);  and  the  limestone  may  l>e 
represented  among  them, — perhaps  in  the  Calciferous  mica  schist,  which  Hunt 
has  8aggei<ted  may  be  a  metamorphic  limestune.  It  is  also  supposed  that  the 
Upper  Uelderberg  limestone  ocoura  aouth  of  the  SL  Lawrence,  between  Vermont 
ftnd  Gasp6. 


The  plants  thus  far  observed  arc  w?a-woeds  and  Protophyt^s.  No 
land-plantfl  of  the  period  are  known.  Fip.  441  represents  the 
*' Cauda-Galli"  sea-weed  characteristic  of  the  first  epoch. 

The  protophytes  occur  in  the  hornstone  of  the  Corniferous  Iime> 
stone,  and  appear  to  be  very  abundant  throughout  it.  The  dis- 
coveries were  made,  but  a  few  days  before  these  pages  were  printed, 
by  Dr.  M.  C.  White,  of  New  Haven.  Through  his  investigations, 
and  others,  since  made,  by  F.  H.  Bradley,  it  is  now  known  that 
organisms  similar  to  those  figured  below  (fig.  441  A)  are  common 
lo  the  hornstone  of  both  older  and  later  Palmozoic  periods.  The 
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facts  show  that  homstone  is  analogous  to  flint  in  origin  as  well  as 
in  its  mode  of  occurrence :  the  two  are  the  same  in  composition 


Fig.  441. 


(page  55).  Figs.  441  A  a-d  represent  the  sporangia  (spore-capsules, 
or  receptacles  containing  the  genninative  cells)  of  Desraidiea;,  or 


Fij;.  441  A. 


Xicsoeooric  OKaAxisiu  m  IIokn^toxe.— Kipn.  a-i  nn<l  l-n,  Protophytw;  SpicuUol 
Sponges;  o,  p,  fragments  of  dvutAl  apparutui  of  Gasteropoda. 


Desraids, — closely  resembling  organisms  from  flint  called  Xan- 
tfii/iia  by  Ehrenberg; — c,  a  Desmid  having  the  usual  division  into 
lialves  ;  /,  g,  Desmids  connist ing  of  several  cells ;  i,  a  Diatom : — 
figures  magnified  about  225  dianu>tiTS.  The  sizes  of  the  specimens 
figured  vary  from  l-500th  to  l-o(X)Oth  of  an  inch :  diameter  of 
fig.  a,  l-5<)0th  in. ;  of  d,  e,  l-1500th  ;  of  i,  l-KWOth  ;  of  cells  in /,  g, 
l-7000th  by  l-50(X)th.  Desniids,  like  the  Diatoms,  are  microscopic 
plants,  consisting  of  one  or  a  few  cells:  but  they  secrete  little  or 
no  silica,  and  have  a  pale-green  color.  The  hornstone  also  contains 
numerous  rhombic  crystals,  proV>ably  of  calcite,  from  l-500th  to 
1-lOOOth  inch  in  diameter. 
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2.  AnimaU. 

The  Upper  Helderberg  period  is  eminently  the  coral-reef  period 
of  the  Pfiilieozoic  ages.  Many  of  the  rocks  abound  in  corals  (see  Bgs. 
446-451),  and  are  as  truly  coral  reefs  aa  the  modern  reefs  of  tho 
Pacific.  The  corals  are  sometimes  standing  in  the  rocks  in  the 
position  they  liud  when  growing  ;  others  are  lying  in  fragments  as 
they  were  broken  and  heaped  up  by  the  waves ;  and  others  were 
reduced  to  a  compact  limestone  by  tho  finer  trituration  before  con- 
solidation into  rock.  This  compact  variety  is  the  most  common 
kind  among  the  coral-reef  rocks  of  the  present  seas ;  and  it  often 
contains  but  few  distinct  fossils,  although  formed  in  waters  that 
abounded  in  life.  At  the  Falls  of  the  Ohio,  near  Louisville,  there  ia 
a  magnificent  display  of  the  old  reef.  Hemispherical  Favosites  five 
or  six  feet  in  diameter  lie  there  nearly  as  perfect  as  when  they  were 
covered  with  their  flower-like  polyps  ;  and,  besides  these,  there  are 
various  branching  corals,  and  a  profusion  of  Cyathophylla,  or  cup- 
corals  ;  some  of  the  species  of  the  latter  (fig.  445)  have  a  breadth  of 
three  inches,  and  one  of  six  or  seven  inches ;  and  when  alive  the 
expanded  polyp  must  have  had  at  least  this  diameter,  or,  with  the 
expanded  tentaclea,  probably  an  inch  or  two  more.  These  ancient 
corals  may  have  had  the  same  rich  and  varied  colors  that  charac- 
terize the  Zoophytes  of  our  own  epoch. 

There  is  another  point  in  which  the Cornifcrous  period  stands  out" 
prominently  in  American  Paltpoaoic  history.  It  contains  the  earliest 
remainSt  thus  far  discovered,  of  Jiahes, — the  first  of  the  sub-kingdom  of  Verte- 
brates. The  life  of  the  American  seas  from  this  time,  therefore,  in- 
cluded species  of  all  four  sub-kingdoms,  Radiat&s,  MoUusks,  AriiculaUi, 
and  the  branch  now  added,  Vertebrates. 

Among  Brachiopodfl  the  new  genus  Productus  makes  its  first  ap- 
pearance, one  that  afterwards  in  the  Carboniferous  age  became  very 
common :  its  earliest  species  are  but  half  an  inch  in  breadth,  while 
some  of  the  later  are  three  or  four  inches.  Figs.  228, 220,  page  183, 
represent  different  species,  but  not  those  of  this  period. 

The  hornstone  contains  spicula  of  Sponges,  two  of  which  are 
figured  in  441  A  j,  k;  k  is  magnified  75  diameters.  Along  with 
these,  White  has  detected  a  fragment  of  the  dental  apparatus  of  a 
fiasteropod,  represented  in  fig.  o.  Fig.  p  is  from  a  specimen  of 
this  kind  observed  in  hornstone  of  the  Black  River  limestone 
(Trenton  period),  Watertown,  N.Y..  by  Bradley ;  Desmids  and 
Hpicula  of  Sponges  accompany  it.  Tho  organic  origin  of  the  Palajo- 
zoic  hornstone  can  hardly  be  doubted. 


Digitized  by  Google 


C0RN1FER0U8  PERIOD. 


273 


Characteristic  Species. 
1.  Radiates — {a.)  Polyp».— Fig.  445.  ZnphrtntU  giganten,  part  of  n  large 
ipccimen  from  the  Falla  of  the  Ohio,  ahowing  at  top  the  radiate  atructure,  and 


Figs.  445-151. 


PoiTW.— Fig.  44.V  Zaphrenti*  Bljcnntoft;  44fl,  Z.  Rallnewiuil:  447,  Phillipmitrea  Vcmcnilli 
♦♦S.  44«  a,  Cary.jphyUia  rugoaa;  449,  Favo«ite«  Goldfuwi ;  460,  Sjringopora  Macluiii,  -Al, 
AaI(>iK>ra  romuta. 


the  depression  or  fossette  in  the  atar  on  one  aide;  fip.  446,  Zaph.  Itafinetquii  E. 
*  H.,  from  the  Falls  of  the  Ohio,  remarkable  for  the  depth  of  the  cell.  Another 
Cyathophylloid  coral  of  the  genua  ChonophyltHm  (C.  niagniJifHm  B.)  has  a  dia- 
meter at  lop  of  aix  or  aoven  inches .  it  ia  from  Walpole.  Canada  Wc«t.  Fig. 
447.  PhiKipmnilrrn  Vemeuill  E.  A  II. ;  fig.  448,  Caryophyllin  rtigona,  a  fragment 
from  a  large  ma«9  from  the  Falls  of  the  Ohio;  448 o,  section  of  a  cell,  showing 
the  numerous  and  very  thin  rays;  fig.  449,  Faronitet  G<>lil/n*i!  D'Orb.,  from  the 
PalU  «if  the  Ohio,  a  fragment  of  a  large  specimen  ;  fig.  450,  Si/nngopnra  Maclurii 
B.,  from  Canada  We*t,  a  coral  consisting  of  a  cluster  of  small  tubular  cells; 
fig.  451,  Aulitporn  comuin  B.,  from  Canada. 

(h.)  Araleph*. — No  species  arc  known,  unless,  as  Agaasic  baa  anggested,  th« 
Pftvosites  and  related  corals  are  of  this  class  (p.  162). 

19 
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(r. )  Erhinodermt.  —  There  aro  many  specioi  of  Crinoida,  and  tbo  large, 
smooth  stems  of  some  of  them  aro  half  an  inch  to  an  inch  io  diameter. 
The  species  of  most  interest  are  the  Nuctcocrini  (also 
collod  Oiiratttte*);  they  are  representatives  of  the  Pen- 
tremito  family,  —  a  group  which  had  its  first  species  in 
the  Chazy,  tbo  early  part  of  the  Trenton  period,  in  tho 
Lower  Silurian,  but  which  from  that  time  appears  to  have 
boon  extinct  until  tho  Corniferous  period  in  tbo  Devo- 
nian. In  the  Subcarbonifcrous  period  it  wiis  very  com- 
mon. The  species  of  this  ficriud  are  ovoidal,  or  like 
an  olire  in  shape,  and  have  ombulacral  areas  closely 
like  those  of  tho  true  (pentagonal)  Pentromitcs  (flgt- 
5.31,  5.12).  Fig.  452  is  tho  Ancleorriuut  Vern€uili.  (Tho 
name  ^fueUocrinu*  of  Conrad  antedates  Olivauiic$  of  Troott, 
as  well  as  EltrarrittHi  of  Rocmer.) 

2.  MoUusks.— (<i.)  Hracliiopo(i:—Tie».  453  nnd  454,  Sptri/er  at^minattu 
Cod.  {S.  tuUrijwjatu*  Rocmer),  from  New  York  and  tho  WesL     Fig.  465,  Spiriftr 

Figs.  453-455. 


NocleittTinus  Vor- 
neuili. 


Bn.Ai.-iiioro^s. — ^>i,  4^4,  Spirifor  AcumliiAiii* ;  Vo\  Sp.  p-rpTXciui. 

grtfftirin§,  very  common  in  Indiana  and  Kentucky,  ot  the  Falls  of  tho  Ohio,  and 
at  Hiddloton,  Canada  (Billings).    Also,  Prntnmeru*  aratut,  CkonrU*  henUpk*- 


Figs.  450,  457. 


OOKCUiPxas.— KIk-  450,  LucinaT  prgavia;  46T,  Cuuocartliuiii  irlguuule. 

riea,  Atryjm  rclinilon';  A.  iniprfn,  Stn'rtlnnftin  cloHffnla  (Billinrs),  formerly 
Pmtamerut  ci'tnyalH*  V^iiMXCva  ;  also  a  Cnlceula  near  C.  anHilalina  (fig.  2::i), 
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foand  in  Tenncwc;  it  is  a  third  Amcrioftn  genus  of  the  Terebrotal*  famitj, 
— JitricJiiandta  and  Jietuielaeria  being  the  first  two.  Two  imall  bpeoiea  of  Fro* 
AMta>  hmw  bMB  MllMtad  hy  BilUngt  In  CiHMda,  and  om  bj  J«w«Ci  in  th*  Mmt 
York  Corniferoaa. 

( />. )  Omrhi/«r$. — Fig. 466,  XfNciNa  /  proa9ia, alio  occurring  in  Europe ;  fig.  457« 
Cotuxmrdium  trigonalt  of  both  Now  York  Bsd  tbo  Wolt. 
(«.)  Punpod*,  OaHvopodt,  mad  Ot- 

pAiif--j,'><!t.  —  PferoiJO'lf  .irc  represented 
bj  the  Teutaeuiitf  •ca/a/i*.  There  are 
also  lereral  •podes  of  Owtaropod*.  Fig. 
4S8  is  the  I'latyctra*  dumotmm  of  tho  Coiw 
•iferoas  in  New  York. 

A  few  Ortbooerata  occur  in  the  beds. 
Tho  Cfrtoe*ra»  mudmlatMmf  s  large  ahetl 
•eile  l  in  a  plane,  ia  suppoi-cd.  us  the  name 
iaiplic-<,  to  he  related  tu  the  Cephalopoda. 

3.  Articulatea — Trilubitca  are  the 
tmtj  Arliealataa  luown.  Tho  moat  ooai> 
mon  fpccics  arc  tho  Dnlnimiiri  {Oduutit- 
t^ktdmt)  ttienmru;  having  a  two-pointed 
ttSli  aad  tha  Pninu  (CVi/^mnir)  cfWMi- 
mmrjimatuMt  baring  tha  poatatior  margin  of  tho  body  (tho  pygidion)  thiekanad 
aad  rounded. 

The  Schoharie  grit  is  closely  related  in  its  fossils  to  tho  limestones  above, 
adaontaini  but  finr  apaoiaa  that  ara  not  fonnd  in  the  lattar. 

4.  Tertebrates.— Tho  icaaina  of  tho  oarliaot  of  VortabniCaa,  Vtahaa,  ap- 
pear firiit  in  America,  nccordlnp  to  present  knowledge,  in  the  Pehnharie  prit ; 
•ad  many  species  are  known  from  tho  later  epoch  of  the  Comiferous  period, 
koth  In  Now  York  and  tho  more  woitem  Statea  of  Ohio,  Indiana,  ete.  8omo  of 
tkaaa  remains  are  represented  in  tho  annexed  figure!<.  Fig.  469  is  tho  fin-bono 
•fa  large  ahnrk;  ig.  MO,  the  head  of  a  fish  related  eloioly  to  the  /Wieifikytof 


Fig.  459. 


IhMphM  of  a  Aaifc  (X  90' 


Btmnnesa,  drawn  by  Dr.  Newberry  fkom  aapooimaii  fbvnd  at  Sandnakj,  OUo; 
u>d  fig.  4411,  the  tooth,  natural  size,  of  probably  thia  formidable  apeelea.  Dr. 

Newberry  eintimates  its  Icnpth  at  si.x  or  seven  reef.  A  ppecimen  wn«  enrlicr 
foand  by  Dr.  Norwood  at  Madison,  Indiana,  and  named  by  Owen  &,  Norwood 
MatnfHalieitiy*  (Am.  Jonr.  8oi.  [S]  i.  S6T,  IM).  It  is  near  tbe  genoa  JTo- 
■MMtM  daaeribed  by  Mr.  Asmus.*.  of  Dnrpat,  in  ^S.^t  and  1^."7.  As  shown  in  tho 
l^re,  the  genus  differs  widely  in  tho  sutures  of  the  buckler  from  PirrU  h  htfw 
(!{•  &16).  AtfrUtpU  of  Kiohwald  has  tho  priority  of  Pterich  kg*;  but  it  was 
^■i  on  n  fragment  only,  and  wat  pttbtidiad  without  a  daoorl^tion. 


Fig.  458. 


Pla^rceras  daakosnai. 
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There  are  also  among  the  remaini  in  the  Corniferoua  bed<  species  of  Cepka- 
la»pi»  resembling  the  European  (fig.  517),  and  of  Haloptyckiut  (near  fig.  618); 
but  no  figures  of  them  have  yet  been  published. 


Pig.  400,  Head  of  MacropeUlichthyii  .SnlliTanti  Ncwberrf  (X  M):  461,  Tooth  of  same. 

These  eArliest  of  American  fishea  belong  to  two  out  of  the  three 
grand  divisions  of  the  class  -. — 
First,  the  tSt  farhianA.  or  sharks. 

SfconJli/,  the  G'anouif.  or  fishcn  having  the  body  covered  with 
shining  bony  scales  or  phites.  This  order  of  Ganoids,  once  exceed- 
ingly numerous  in  species,  is  now  nearly  extinct:  it  is  represented 
by  the  Gar-pike  and  Sturgeon  of  exi.sting  waters. 

Th«'  tijird  grand  division — that  of  the  common  osseous  fishes,  or 
Tfliosfs,  wliich  includes  llu-  P«MTh,  Salmon,  etc. — wa«  not  introdu<-ed 
until  near  the  close  of  the  Reptilian  age,  in  the  Creta<'oous  {XTiod. 

The  Selachians  of  the  Devonian  age  belong  to  the  C*'straciotU 
family  of  sharks, — a  group  in  which  the  mouth  is  furnished  with  a 
pavement  of  large  bony  plates  inst«*a<l  of  teeth,  and  which  have 
the  first  ray  of  the  dorsiil  fin  a  large  and  stout  spine  (figs.  470). 

The  Devonian  Ganoids  are  of  three  kinds:  —  (1)  Pfaeoyanoidi, 
having  the  botly  covered  with  plates  instead  of  scales  (like  fig.  51fi): 
(2)  lihombifi-rs,  having  rhombic  scales,  and  these  arranged  like  tilei> 
(as  in  figs.  473,  475,  .519) ;  and  (.3)  Imbricatrs,  having  the  scales  ar- 
ranged like  shingles,  a^  in  Holopl^chiiis  (fig.  518)  and  other  Cala- 
eanlLt,  and  the  modern  Atnia. 

All  these  ancient  fishes  have  vrrtchrated  taifs, — that  is.  the  verte- 
bral column  extends  to  the  extremity  of  tlie  tail  (figs.  519,  003). 
instead  of  stopping  short  at  its  commencement  (fig.  473)  in 
nearly  all  existing  fishes.  In  most  of  these  vertebrate-tailed 
8i)ecie8  the  vertebral  column  extends  into  the  up/to-  lobe  of  the 
tail,  and  the  two  lobes  are  very  unequal,  as  in  figs.  404,  519,  C17: 


Pig.  m. 


Fig.  481. 
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theM  have  been  thence  called  heterocaxal  fishes,  while  those 
hnring  *  tail  of  the  mdinarr  form,  as  in  fig.  473,  are  said  to  be 
AaMMovo^* 


•FWHrs. — A  oTctemntic  rcricw  of  the  cIms  of  Fishes  will  make  the  subject 
Mil  bteUi(ibl«.  The  rel»ttODi  of  Fubei  to  other  Vertebrates  are  mentioned 
m  f.  Hi.  IMat  (waladiiif  a  fair  abaomal  kindi  of  IIm  gronp  Dtrmoftwrt^ 
«•  4MM  teto  tfeiM  ofdm  :— 

L  Aaaeaum  (ar  fh—ftfa).— Include  the  Shario  (figs.  462, 464)  and  Rajrs, 
IsflBf  (1)  tha  riitlalOB  eaftilaginoui ;  (S)  tha  body  eorand  anally  with  a 
kir^h  :>kin ;  (3)  the  gills  attached  T>y  both  martini*,  nnd  the  };iII-<^*P<'n>nK" 
aillwat  apweala  {gf  Ag.  462)  f  (4)  the  optic  nerres  not  dteuMatimg.   The  term 
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TTT  General  Observations. 

Qeography. — In  the  first  epoch  of  this  period,  that  of  theCauda- 
Galli  grit,  the  beds  were,  as  a  body,  more  easterly  in  position  over 


called  akagreeit,  and  may  Bomctimoa  bo  seen  to  bo  composed  of  minute  rhombic 
or  lingular  pieces,  each  rising  into  a  point  at  centre. 

If.  Ganoids. — Include  the  modorn  and  ancient  Gart  (figs.  517-619).  and  the 
Stnrt/eou,  having  (1)  the  skclotun  cartilaginous  ur  bony;  (2)  the  gills  as  in 
ordinary  fishes;  (3)  the  body  covered  with  boiiy  plates  or  scales  (Ggs.  474, 
47.'*),  which  aro  usually  shining  or  cnamol-liko  in  surface;  (4)  the  o;>ric  nerret 
not  dectmating.  The  name  Ganoid  is  from  ya>n>(,  thiniug,  and  alludes  to  the 
scales. 

III.  CoMUOM  on  Osseous  Fishes,  or Teliosts. — The  Perch,  Salmon,  and  all 
common  fishes  aro  hero  included.  (1)  The  skeleton  is  bony,  as  the  name  Ttlitut — 
from  nXcto;,  complete,  and  ocrtov,  lone — implies;  (2)  tho  gills  have  ono  margin 
free;  (3)  tho  scales  covering  the  body  arc  membranous;  (4)  tho  optic  tiervet 
decnuante.  The  Ct/doid*  of  Agussiz  have  tho  scales  unarmed  with  sharp  points 
(fig.  476);  while  tho  Ctenoida  (from  irrti(,  a  comb)  have  them  armed  (fig.  477): 
but  this  subdivision  is  not  a  natural  one. 

1.  Selachians. — The  Selachians  aro  divided  into  throe  groups,  the  Sq*ta- 
toidt,  or  Sharks,  tho  Raj/n,  and  tho  ChintKroidn.  Tho  Squaloids  have  an  elon- 
gate body,  with  the  gill-openings  lateral ;  the  Rays,  a  broad,  flat  body,  with  the 
gill-openings  in  tho  ventral  or  under  surface;  the  Cbimsroids,  only  one  gill- 
opeiiing,  besides  other  peculiarities. 

The  Squaluidt  include, — 

(I.)  Tho  True  Shark*,  or  Squalodonti,  having  xharp-edged  teeth  (figs.  465—467), 
and  the  mouth  on  tho  under  surface  of  tho  head  (fig.  -162). 

(2.)  Tho  Ilybodout*,  having  teeth  nearly  like  tho  preceding,  but  with  the  edge 
less  acute :  they  aro  intermediate  between  the  Squalodonts  and  tho  Cestracionts 
(figii.  46S,  4CU). 

(.3.)  Tho  Centrac{oHt»,  having  a  rough  pavement  of  bony  and  usually  enamelled 
pieces  in  the  mouth,  and  the  mouth  situated  at  the  extremity  of  tho  head;  flg. 
461,  Cenirnciun  Phil ippi  or  "Port  Jackson  Shark,"  Aui-tralia;  470,  »de-viow  of 
mouth,  showing  tho  pavement  or  grindingsurfaceuf  lower  jaw,  with  tho  pointed 
teeth  at  tho  opening;  471,  472,  dificrcnt  views  of  the  pavcment-picccs  in  th« 
Cestraciont  genus  Acrodiit.  In  the  genus  C<tchliodH»  the  number  of  pavcmont- 
pieces  is  very  small,  and  they  aro  proportionally  large  (figi>.  64A,  547).  bc.oiddi 
having  a  spiral  twist.  Those  Ccstraciont  mouths  were  well  fitted  for  masti- 
cating Ganoids  and  shcll-fish. 

Tho  Chiimtrotdt,  including  the  living  Chimmrm  and  several  extinct  Fpeeiea, 
havu  two  to  four  osseous  plates  to  cither  jaw  in  place  of  teeth. 

Among  tho  Rays,  Myliobale*  aod  species  of  some  related  genera  use  their  large 
pectoral  fins  in  swimming,  instead  of  tho  tail,  and  tho  motkin  is  much  like  that 
of  flying  through  tho  water, — so  that  they  aro  sometimes  called  Sen-Eaglet.  The 
muiith  in  this  group  is  paved  with  foar-  or  six-sided  plates,  evenly  and  neatly 
joined. 
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New  York  than  those  of  the  preceding  period.  In  the  Schoharie 
epoch  they  were  still  farther  to  the  east  than  the  Cauda-Galli  grit ; 
at  the  same  time  they  continue  to  bo  sandstones.  But  with  the 
next  epoch  there  waa  a  change.    The  continent  from  eastern  New 


Id  eever&l  genera  of  Selachians  the  doraal  fin  is  armed  nt  its  nnterior  mar^pn 
with  a  largo  spine.  In  the  genus  Sphinx  (fig.  462,  reduced)  there  are  such 
spines,  one  to  each  dnr^al  fin  ;  fig.  463  represents  one  of  natural  size  for  a  fish 
(Spiuax)  about  2i  feet  long. — Such  spines  cxi.*t  also  in  the  Cc«rr«c»oMr«  (fig.  464), 
the  Hyl/odoiif,  and  Chimttroidt.  In  these  SquuluiJ  groups  the  spine  is  usually 
laterally  comprcsecd,  and  if  denticulate  it  is  so  along  the  posterior  uinrgin.  In 
TryyoM  and  some  other  genera  among  the  Rays,  there  \>i  a  bimilar  spine,  but  it 
11  flattened  in  a  direction  transverse  to  the  body,  and  has  both  outer  edges  den- 
tiealatc,  when  either  is  at  all  so.  These  spines  in  some  ancient  fishes  were  two 
feet  or  more  in  length  (see  fig.  557).  In  a  living  Ceairacion,  23  inches  long,  it 
is  li  inches  in  length. 

2.  O&noiclB. — The  following  are  the  principal  subdivisions  of  Ganoids: — 

A.  Placoqa.soids. — In  tbei^e  the  body  has  a  ca^e  or  coat  of  mail,  uf  large 
enamelled  plates,  like  that  of  a  turtle.  (1.)  The  Coccotteidt  have  a  fish-like 
tail,  and  swim  by  means  of  it:  Ex.,  Coccotteun.  (2.)  The  Plerichthi/(i*,or  "winged 
ftthe*"  (as  the  term  iiignifies),  have  no  caudal  fin  for  swimming,  but,  instead,  a 
pair  of  powerful  paddles  (pectoral  fins):  Ex.,  Ptcrichthy*  (fig.  516).  Thus  ther« 
are  sculling  and  paddling  Placoganoids,  as  well  as  Rays. 

B.  Scale-covered  GAXOins,  or  LEnnocANoiDs.  —  They  have  the  body 
eorcred  with  scales  set  on  either  like  tiles  or  like  shingles,  and  on  this  differ- 
«&oc  two  subdivisions  are  based.  Lepidogaiioidi  is  from  Xnrif,  a  tcaU,  and  ffatioid. 


Figs.  473-4S1. 


Gaxotos  (excepting  476,  4T7V— PIr.  473,  TWl  of  Thrissops  (X  J^);  474,  gcnlcs  of  ChcirolepU 
Trtillil  fx  12);  475.  id.  Palseoniscus  lepianrus  (  X  6):  475  a,  iindcr-vk-w  of  same; 
476,  .«^lo  of  a  Cycloid;  477,  Id.  of  a  Ctenoid;  478,  ivxrt  of  |)«vcmont-te<  »h  of  (lyrodns 
wnbilicus;  479.  .Tooth  of  Lcpidosteus;  460,  Id.  of  a  Cricodus;  481,  Section  of  tooth  of 
Upidotteos  oasens. 


(o.)  Rhombi/en,  or  Ordinary  Qanoid».—1)\<i  scales  are  rhomboidal  or  rect- 
angular, bony,  usually  thick,  shining,  and  enamelled,  and  set  on  like  tilea  (figs. 
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York  westward  became  to  a  large  extent  covered  with  coral-grow- 
ing seas.  The  wide  distribution  of  the  rocks  proves  the  vast  area 
of  those  coral  seas.  It  also  teaches  that  they  were  shallow  soos; 
for,  as  already  remarked,  corals  grow  and  form  limestones  only 
where  they  are  within  the  reach  of  the  waves.  The  Upper  Hel- 
derberg  period  was  eminently  the  coral-reef  period  in  Paleeozoio 
history. 

Climate. — The  question  of  the  occurrence  of  rocks  of  thw  period 
in  the  Arctic  is  not  yet  decided.  It  is  probable  that  they  exist 
there,  on  Nortli  Somerset  and  elsewhere,  judging  from  the  fossil 
corals  and  Brachiopods  (Am.  Jour.  Sci.  [2]  xxvi.  120).  Among  the 
former,  besides  the  Favositcs  6'oM/am/»ta  {Upper  Silurian  in  Europe), 
there  are  HelioUua  porosa,  and  Cyathophyllum  helianthoicUi,  Devonian 
Bpocies  occurring  in  Europe  and  America. 

This  identity  of  species  between  the  Arctic,  and  Europe  and 
America, just  illustrated,  favors  an  approximate  identity  of  climate: 
there  is  no  sufficient  evidence  of  a  cold  Arctic,  or  even  of  a  wide 
diversity  of  zones. 


Epochs. — 1.  Marcellls,  or  that  of  the  Marcellus  shale  (10  a) : 
2.  IIamiltox,  or  that  of  the  Hamilton  beds  {\(ib)  \  3.  Gcnbsu,  or 
that  of  the  Genesee  shale  (10  c). 


474, 475).  Fig.  476  n  sbowM  the  andor  surface  of  Mb,  and  illnstrates  the  manoer 
in  which  the  scales  are  looked  together.  Among  them  there  are  (1)  the  C<phn' 
latpid*,  haring  a  broad  buckler-head;  Ex.,  Ctphalatpit  (fig.  517);  and  (2)  the 
Sauroid*  (figa.  473  and  519),  haring  the  form  of  ordinarj  fishes,  and  sharp, 
though  sometimes  very  small,  teeth.  Figs.  479,  480  are  teeth  (nat.  site)  of  a 
Lepidogteii;  and  a  Crieodu*.  Other  genera  of  this  group  arc  Dipleni;  CKrini- 
lepin,  I'nlKonitctu,  etc.    Tht  Lepidoid*  of  Agai^nix  arc  here  included. 

(6.)  /mbricate§. — Scales  not  rhombic,  imbricate  or  sot  on  like  shingles,  as  io 
Huloplyrhtiu  (fig.  518)  and  the  modern  Amia. 

The  PtfcnridonU  are  Rhombifers,  haring  smooth  pavement-teeth.  Fig.  47S 
represents  part  of  the  pavement-teeth  in  a  species  of  OyrvdNt. 

C.  ArirEifSKROips. — Include  the  modem  Sturgeon,  which  has  a  oartilmgi- 
nous  fkeletun,  large  rounded  plates,  and  no  teeth. 

LabyrinthiHt  ttnteture  of  Onnoi'd  teeth. — The  teeth  in  the  Sauroids,  or  at  least 
in  many  nf  them,  have  a  labyrinthine  structure  within.  This  structure  is  illus- 
trated in  one  uf  its  simplest  forms  in  fig.  481,  which  is  an  enlarged  section,  by 
Agassit,  of  the  tooth  of  a  living  Lepidostens.  It  consists  in  a  folding  inward  of 
the  enamel  and  dentine.  In  fig.  480  the  strias  of  the  tooth  oorrcspond  to  thc^e 
Inward  foldings. 
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I.  RookB :  kinds  and  distribution. 

The  rocks  in  the  eastern  T'nited  States  arc  cither  shule-;  or  sand- 
Stones,  with  bome  thin  Ume^tuuu  heds.  Shales  espcciuiiy  ubound 
in  the  State  of  New  York. 

Hie  Maredbu  «Adk  (10  a)  b  for  the  moat  part  a  soft,  aiigiUaoeoaa 
rock.  The  lower  part  is  black  with  oarbonaceotis  matter,  and  con- 
tain ~  trnocK  of  coal  or  l)itnmpn,  so  as  sometimes  to  allord  fhirae  in 
thf  tire.  Tlio  Ilami/ton  I  10 />)  in  New  York  (so  named  from 
Hamilton,  Mudison  co.,  N.V.j  consist  of  shales  and  flags,  with  some 
t!iiti  limestone  beds.  The  excellent  flagging-stone  in  common  use 
in  New  York  and  some  adjoining  States,  often  called  North-River 
flair-*,  comes  from  a  thin  layer  in  the  Hamilton.  The  Genuee  ihale 
(lo  r)  is  a  lilaekisli  slialy  roek  overlying  the  Hamilton. 

The  Hamilton  formation  spreads  acrcss  the  State  of  New  York, 
having  its  northern  limit  along  a  line  running  eastward  from  Lake 
Ens.  The  greatest  thickness-^bout  12(H)  feet— b  east  of  the  centre 
of  the  State.  It  extends  southwest  into  Pennsylvania  and  Vir- 
ginia, and  al.so  westward,  as  a  thin  rock,  mainly  of  limestone, 
througli  part.s  of  Michigan  (at  Mackinac),  lUinoiti  (at  Rock  Island, 
etc.},  Iowa  (New  Buffalo,  etc.).  MiaBonri,  and  elsewhere.  Beds 
prolMbly  of  this  period  occur  also  in  Maine,  and  near  Qasp£. 

(a.)  Interior  CoHtinmUtt  ftoaAk— Id  the  lower  part  of  tbe  MsreeUut  shsle  (tin 
nek  of  the  flnk  opooh)  In  New  York,  there  are  also  layers  uf  concretions  of 
impure  limciiitnne,  and  theto  abound  sioet  ia  foHila.  Bat  the  fouili  of  the 
ihale  are  generally  smalL 

The  Mamiliom  Ud»  ooniiit  of  shales  separated  into  two  parts  hj  a  tUa  layer 
of  EittriHal  limestone,  and  in  many  plsMS  OTOrlatd  hj  a  thin  lilDSStOttS  stnton 
called  the  Tiil/if  limeufnur.    Tn  the 

annexed  £ectiun  from  the  coast  of  Vig,  4M. 

Lske  Brie  (as  given  hy  Hall),  tho 

Hamilton  beds,  10  include  (1)  blue 
ihale;  (2)  Encrinal  limestone;  (3) 
Upper  or  Moscow  shale:  the  Tully 
limestone  is  wanting.  Above  lie  (^f 
(10 r)  the  Ocne)iiec  slate;  and  (II)  a 
part  of  the  Portage  group  of  the  SecUou  of  UiuiUiton  ketb,  Lake  £rio. 
■est  (Ghemmig)  period. 

The  llagginR-Ktonc  of  the  Hamilton  ia  quarried  near  Kingston,  Saugeitlei^ 
Coxfackie,  and  elHt  wlicre  on  the  IIiKKfon  in  Ulster,  (iroone,  and  Albany  co?., 
and  also  near  Cayuga  Lake.  The  bed  ia  but  s  few  feet  thick.  It  breaks 
iHo  veiy  even  slabs  of  great  sise.  It  is  almost  without  fossUs,  bat  is  penetrated 
in  Many  parts  by  the  fillinjr  uf  a  slender  worm -hole.  The  Gonc-ive  hlntc  overlies 
the  Tolly  limestone  when  this  is  presenL  It  iii  not  recognised  in  the  eastern 
put  of  tlis  state  of  K«w  Torib 
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Tbo  Maroellaa  (bale  rarely  ezoe«ds  Sd  thickness  50  feet.  The  Uamilti^n  stnUa 
aro  1000  tvel  thick  in  central  Now  York,  but  not  half  this  along  Lako  Krie. 
Thoy  are  also  comparatively  thin  and  more  sandy  on  the  cost  in  tho  Ilcldcrbcrg 
Uuuntains.  Thoy  arc  well  exposed  along  the  valleys  of  Scnoca  and  Cayuga 
Lakes.  Tho  Qenesco  ebalo  U  160  feet  thick  near  Seneca  Lake;  it  thins  west- 
ward, and  is  not  over  25  feet  on  Lake  Erie. 

Btill  farther  west  it  is  represented  by  what  is  called  (ho  Dlnekilatt, — rather  a 
shale, — a  very  persistent  stratum  occurring  in  Tennessee,  Kentucky,  Indiana, 
and  elsewhere ;  it  is  a  hundred  feet  thick  at  Louisville,  Ky.,  and  in  Indiana. 
In  Missouri,  tho  Hamilton  furmation  consists  of  about  60  feet  of  shale,  with 
tome  beds  of  limestone. 

b.  Appnlnchian  rtjioH. — In  Pennsylvania,  II.  D.  Rogers  makes  three  divieiooi 
of  tho  Hamilton  formation,  a  lower  of  black  shales,  which  is  250  feet  thick  in 
Huntingdon,  a  middle  of  variegated  shales  and  flags,  600  feet  thick  at  the  came 
place,  and  an  upper  black  shale  of  300  feet. 

Tbo  thickness  of  tho  Hamilton  formation  cast  of  central  New  York  ahows 
that  this  region  was  at  this  time,  as  in  the  Oriskany  period,  on  the  northern 
border  or  limits  of  the  Southern  Appalachian  region. 

AtQaspd,  oD  tbo  Gulf  of  St.  Lawrence,  the  Devonian  sandstones  have  a  thick- 
ness of  several  thousand  feet.  They  are  regarded  as  belonging  to  tho  Lower 
rather  than  Upper  Devonian;  but  (ho  precise  ago  ha.i  not  been  determined. 
From  the  fossil  plants  it  seems  probable  that  the  Hamilton  period  is  represented 
among  them. 

c.  Entttm  border. — At  Perry,  Maine,  there  arc  other  Devonian  strata  con- 
nected with  the  Canada  deposits,  and  they  also  moy  be  of  the  Hamilton  scries. 
The  fossils  thus  far  found  have  not  served  to  fix  their  precise  age.  Thej 
oontain  some  species  of  fossil  plants  identical  with  those  of  Oasp£. 

Ripple-marh. — The  rocks  of  this  formation,  especially  the  Hamil- 
ton beds,  are  remarkable  for  the  abundance  of  ripple-marks  on  tho 
layers.  The  flagging-stone  is  often  covered  with  ripple-marks  and 
wavo-lines.  The  joints  intersecting  tho  strata  are  often  of  great 
extent  and  regularity.  They  have  been  referred  to  on  page  100, 
and  a  sketch  is  there  given  representing  a  scene  on  Cayuga  Lake. 
The  rock  at  the  place  is  the  Moscow  shale. 

n.  Life. 

1.  Plants. 

The  carbonaceous  material  of  the  black  Marcellus  shale  is  mostly 
due  to  vegetation  ;  but  whether  to  sea-weeds  or  land-plants  has  not 
ibeen  ascertained.  In  tho  Hamilton  beds  the  evidence  of  verdure 
orer  the  land  is  no  longer  doubtful.  The  remains  show  that  there 
were  trees,  and  of  large  size.  Figs.  483  and  484  represent  the  outer 
surface  of  two  of  the  species,  showing  the  scars  left  by  the  basos 
of  the  fallen  leaves.    Fig,  483  is  Lcpidodendnn  pnmctvum,irova.  ncAr 
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FiR.  -is;j. 


Fig.  -184. 


Fi;;.  4jC],  Lv|i|«]oUoiiilron  prlDiKTUmi 
4M.  eigillario. 


Huntingdon,  Pa.,  and  fig.  4S4,  a  Sigillaria,  from  Otsego  co.  and 
other  places  in  New  York.  The  first  ia  related,  and  probably  both, 
to  the  Lycopodia  (Ground-Pino)  of 
modem  damp  woods.  The  largest 
of  living  Lycopwlia  are  throe  to  lour 
feet  in  height.  These  earliest  rejire- 
scntativcs  of  the  typo  had  trunks  a 
foot  or  more  in  diameter,  and  may 
have  been  more  than  a  score  of  feet 
in  height.  These  plants  are  covered 
with  leaves  much  like  Pines  and 
other  Conifers ;  and  the  stem  in 
fig.  484  resembles  that  of  a  Spruce, 
•tripped  of  its  leaves.  In  the  Devtv 
nian  of  the  vicinity  of  Ga.«>p6,  near 
the  Gulf  of  St.  Lawrence,  there  is  true 
Coniferous  fossil  wood,  according  to 
Dawson. 

For  remarks  on  the  subdivi-iions 
of  Plants,  see  page  105.  On  the  front  is  piece,  representing  a  Car- 
boniferous landscape,  the  stump  in  the  right  corner  is  a  .SijiHarvi : 
the  highest  tree  in  the  same  corner  is  u  Ij<pi(lo<{c»t/ron.  and  the 
■mailer  plants  near  it,  having  stems  covered  with  sliort  leaves,  are 
other  Lyoopodiaceous  species;  the  high  tree  in  the  left  corner  h 
also  a  Lfpidodcndron ;  the  tree  towards  the  middle  of  the  view 
ii«  a  trtf-fern,  and  the  spreading  leaves  at  its  foot  are  the  frond.-*  of 
low  ferns. 

TheConifcmas  plant  of  Ga8p6  \a  named  by  Dawsrm  Protaxitf*  Loyani.  In  the 
nau  formation  there  arc  also  the  following  spccie.i  of  the  Lyropodium  tribe 
Ltpidodemdrvn  Ga^pinnim  Dawiun,  PtilujthyUin  ju  iuctpn  Diinraun,  t'urdiiilet  ««- 
fmni/olia  Dawaon,  and  the  fern  Cydopterif  Jacktoni.  These  four  vpccies  occur 
tlto  at  Perry,  Me.,  together  with  a  tiitccics  of  SKitilifnjitt.  which,  according  to 
Dawaon,  ia  probably  the  pith  of  a  Coniferous  trco  of  the  genus  Dadojcj/lon,  a 
•vbdivision  of  Arauearite*. 

The  relics  of  sea-weeds  are  common  ;  and  one  of  the  most  abun- 
dant is  related  to  the  Fucoida  Cauda-CJalh  (fig.  44 1 }.  It  is  sometimes 
k  foot  in  diameter. 

2.  A7nmnU. 

The  animal  remains  of  the  Marcellus  are  comparatively  few. 
Mid,  excepting  the  Goniatites,  generally  small :  their  small  num- 
ber corresponds  with  the  fact  that  the  rock  is  a  fine  shale.  In 
the  Hamilton  beds,  which  are  coarser  and  often  resemble  n  con- 
•oUdated  mud-bed,  fossils  are  much  more  numerouF.    With  the 
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Genesee  slate  there  is  a  return  to  the  fineness  of  the  Marcellas, 
and  al»o  in  part  to  some  of  the  same  species  of  shells. 

The  preceding  period  had  abounded  in  corals,  and  hence  in  Umo- 
Dtones;  in  the  Hamilton,  when  the  condition  was  unfavorable  for 
coral  reefs  over  New  York  and  south,  there  were  still  nome  fine 
species  of  corals  and  Crinoids,  but  the  predominant  fossils  were 
Brachiopods  and  Conchifers, — species  that  live  on  muddy  bottoms. 
There  were  many  broad-winged  Spirifers,  among  which  the  Sp.  mu- 
cronaius  (fig.  480)  was  very  common.  The  limentone  layers  mark  an 
occasional  change  to  clearer  waters,  when  Crinoids  and  corals  had 
a  chance  to  flourish. 

With  this  period  commence  the  earliest  of  Ooniatitet  (fig.  498), — 
a  group  of  Cophalopods  with  Nautilus-like  shells,  but  differing 
from  Nautilus  in  having  the  siphuncle  dorsal,  and  the  septa  with 
one  or  moro  flexures  at  the  margin  ;  in  case  of  one  flexure  or  more, 
there  is  always  one  on  the  dorsal  margin,  as  in  fig.  498  a.  The 
Ooniatites  became  more  and  more  complex  in  the  flexures  of  the 
septa  during  the  following  periocls  of  the  Pala-^ozoic,  and  after- 
wards were  replaced  by  the  Ceratites  and  Ammonites,  to  which 
they  are  closely  related. 

Charaeteruttic  Species, 

1.  Radiates. — Fig.  485,  the  Coral  Utliofth>/nnnt  IlnUi,  common  in  the 
Hamilton  At  Mohcow,  Y'ork,  and  elsewhere,  and  found  also  in  England.  Tbo 
Encrinal  limostcDO  is  made  up  of  fragments  of 
crinoid&I  columns. 

2.  MolltUlka. — [a.)  Brachiopodii.—?\f^.  m, 
Atrtfpn  mprra,  also  European;  487,  A.  rtlt'cularit, 
regarded  as  the  same  species  as  that  of  the  Cornife- 
rous  period,  bnt  aaually  much  larger  and  rullcr,bcing 
sometimes  nearly  two  inches  broad ;  48S,  TropidoUp- 
lu»  ritrtniitn;  in  New  York,  Illinois,  Iowa,  Europe; 
489,  Spiriftr  mHcronattui,  very  common  ;  490,  Alhj/- 
rin  cpin/eroidei  {Atrypit  eoncenlrica  of  Conrad), 
— it  has  the  spire  internally  of  a  Spirifer ;  491, 
Spiri/tr  {Marlinia)  utuhountHn,  also  European; 
492,  Vkonetf  teli'yern,  found  in  both  the  MarcoHus 
'and   Genesee  shales ;   493,  Pmdnetut  tubulatut, 

Rock  Island,  ni.  A  shell  closely  like  the  tim- 
hnnntH»,  bat  higher,  occurs  in  Iowa  and  Illinois,  and  is  named  Ci/rtin  umbonnta 
by  Uall.  Spiri/tr  granuli/enu  is  a  large  Uamilton  species,  having  a  graxia- 
lated  surface. 

(6.)  Conchi/eri. — The  species  are  often  of  large  siie,  but  none  yet  described 
have  a  sinus  in  the  pallial  impression.  Fig.  494,  Orthonotn  UHdulnta  Con.; 
495,  Aricnla  Flabella  ;  496,  Grammi/*in  Hamiltonenti; — also  European,  in  the 
Eifel ;  497,  Mirrodon  btUi'triatu*  Con. 


Fig.  486. 


HeUophjIlum  Halli. 
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(e.)  Gatttropodt. — A  few  species  have  b*cn  described.  They  are  all  withont 
a  beaked  aperture,  like  those  of  older  time.  The  BeUerophon  patulut  is  a  broad 
species  of  the  genus,  with  a  flaring  aperture. 


Figs.  486-493. 


SucaiOPODS. — Fig.  486,  Atrypa  aapera:  487,  A.  reticnlarto ;  Tropiilolt-ptiix  carinntiin; 
4W,  ^pirifer  macrunatUB;  400,  Atliyriit  NpirifiToidca;  4Ul,  i(pirift.-r  (Martinis)  uiubunalUB; 
402,  Chont^tcfl  acti^'ra;  490,  Prodartnii  fint>alatu.«. 


(</.)  Crphol'iftod: — Fig.  iOi^,  (tnuiiitiirn  Mnrrr/lniiifXnn.,  R  Hpcpio*  somolimep 
a  foot  ia  diameter,  occurring  in  the  Mareellu!<  !<hale.    Two  ^<lnall  t<|ieeiet<,  iho 


COKinrEafl.— Fig.  4W,  Orthonota  nndnlaU  (X         4M.  Avinilii  KlabrlU  (X  ^^):  496, 
Oramniyaia  Ilamiltoucnsiii;  497,  Mlcnxlon  lH.-llii?triiitii<*. 


0.  unianiptlaria  and  G.  puuctalHi,  are  reported  by  Conrad  from  the  Hamilton 
beds.  The  genus  Orthocerna  is  represented  by  a  few  species)  of  moderate 
sin. 
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3.  Articulates. — («.)  Crtutaeeatu.—Tho  Trilobites  I'haeop*  Bx/o  (6g. 
499)  and  Valmania  enllilele*  (fig.  600,  rcproMotiog  the  postorior  extremity)  arc 
oommoD  in  the  Uamilton  b«da. 


Figa.  40S-500. 


CxPBALOPOD. — Fig.  498,  QonUtitea  MarcrltpntU.   TaiLoaiTES.— Fig.  499,  PhacopaBiUb;  HO, 
Caudal  extremity  of  Dalmania  callitelet. 


(6.)  No  IntecU  are  known,  although  the  land  bad  ita  vegetation. 

General  Observations. 

Geography. — The  positions  and  nature  of  the  Hamilton  beds 
indicatt!  siniilnr  poopraphical  conditions  to  those  of  many  earlier  pe- 
riod.s, — that  a  shuUo)v  sea  covered  New  York  and  spread  widely  to 
the  west,  and  that  many  changes  were  e.xperienced  in  tliewrtt«>r-levol: 
the  beds  are  to  a  preat  extent  mud-be<ls,  whence  wo  learn  that 
they  were  deposite<l  in  quiet  waters  :  tlio  fossils  are  marine,  proving 
marine  waters.  The  beds  in  New  York  are  thickest  about  its  cen- 
tral parts,  and  yet  spread  to  its  eastern  and  western  limits,  ex- 
cepting the  Uj)por,  the  Genesee  shale,  which  is  not  known  in  the 
eastern  part ;  they  arc  partly  calcareous  in  the  lower  part  of  the 
Marcellus  beds,  proving  that  the  change  from  the  condition  of  the 
limestone-making  Corniferous  period  was  gradual ;  limestone  layers 
occur  higher  up,  at  intervals,  indicating  changes  of  level,  which 
favored  at  time^  Encrinites  and  corals ;  ripph^marked  flaps  make 
up  some  layers,  proving  by  their  evenness  and  extent,  and  the 
regularity  of  the  lamination,  that  the  «oa  at  the  time  of  their  forma- 
tion swept  over  ext<?nsive  sand-flnts,  coming  in  over  the  present 
region  of  the  Hudson  River  or  of  New  York  Bay.  The  existence 
of  a  barrier  of  sand  along  the  ocean,  such  as  is  thrown  up  and  at 
intervals  removed  again  by  the  waves,  would  account  for  the  vnxy- 
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ing  eoaditioos  and  alto  fiv  duogM  in  tho  living  species  by  exter- 
mination. 

Moreover,  while  these  mud-accumulations  wore  here  in  f^gnm, 
there  were  Hamilton  limestones  forming  in  some  of  the  Western 
Stately  indicoting  again  the  existence  of  tho  interior  or  Mississippi 
tM,— •  featoM  in  n  large  part  of  both  Silurian  and  Devonian 

geography. 

The  Appalachian  region  is  still  an  aron  of  vastly  thn  thickest 
deponts,  and  henco  of  the  gruatebt  change  of  level  by  bubsidence; 
aid  tho  great  thioknew  of  the  formation  (lOOO  feet)  in  oentnd  New 
York  makes  it  another  example  of  the  prolongation  of  the  subeid- 
mz  Appalachian  region  northward  over  ?outln>rn  New  York.  This 
{act  and  the  thinning  of  tho  beds  towarda  the  Hudson  indicate 
that  the  Green  Mountain  rogion  was  at  least  a  few  feet  above  the 
tea,  to  that  tho  great  New  York  bay,  alluded  to  in  tho  observa* 
ttnn«  on  tlio  Oriskany  hods,  was  still  outlined  on  the  oa.st,  although 
commuuicating  westward  more  or  less  perfectly  with  the  interiw 
badn. 

XtfB.~Tho  land-plants  of  the  Hamilton  beds  prove  that  tho 

Wck.s  and  soil  of  the  emerging  continent  and  its  islands  were  not 
then  barron  wastes,  whatever  thoir  earlier  condition.  There  were 
forests  of  Conifers  and  Lcpidodeudi'a,  besides  smaller  plants,  but  no 
Fklnu  or  Angiosperms  (p.  IGO). 

CHEMUNO  PERIOD  (11). 

Spoclis. — 1.  Portage,  or  that  of  the  Portago  group  (11a); 
Si  Chuiuxo,  or  that  of  tho  Chemung  group  (116). 

Z.  Rooks:  kinds  and  distribntloa. 

Rrk^  «7)oeA.~Tho  Portage  group  consists  of  shales  and  lami- 
nated or  shaly  sandstones.  In  western  New  York,  on  the  Genesoo 
River,  the  lower  bed.s  are  flie  Canliaqua  shales;  next,  tho  Cardeau 
shales  and  flagstones ;  then,  ubovo  these,  the  thick  Porta^,'e  sand- 
•tones.  But  going  westward  the  shales  ineraase  in  proportion, 
sod  eastward  t]i<>  sandstones  greatly  predominate,  tho  subdivisions 
OOtcontiniiin:^  <li-tin(-t  ;  there  arc  alflO  changes  in  the  fossils  OOT- 
Nsponding  with  thc^c  variations. 

The  rocks  have  a  thickness  of  1000  feet  on  the  Oenesee  River, 
■ad  1400  near  Lake  Erie.  (HalL)  They  are  well  developed  about 
Cayuga  La7:e,  l>at  h  avo  not  been  recognised  in  the  eastern  half  of 
the  State  of  New  York. 
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Chemung  rpoch. — The  Chemung  group  extends  widely  over  the 
southern  tier  of  counties  of  New  York,  and  consists  of  sandstones 
and  coarse  shales  in  various  alternations.  The  thickness  has  been 
e.stimati><l  at  15(H)  feet  near  the  longitude  of  Cuyuga  Lake,  and  less 
towards  Lake  Erie  and  beyond. 

Fig.  &01. 


10  a  10  6 

Section  of  rocka  of  tbo  Ilauiillon  and  Cbcmung  Periods. 


In  this  Rectinn,  from  one  by  Hall,  taken  in  Yates  co.,  X.Y.,  10  n,  10  6,  10  r,  ar« 
rocks  of  the  Hamilton  periixl ;  a,  the  Marcolluit  ibalc;  b,  the  Hamilton  ^rnup; 
r,  the  Oenc.<ee  elate :  and  in  (he  Hamilton  group,  2  is  the  Encrinal  limestone, 
and  4  theTully  lime!>(one;  11  n  is  the  Portage  group,  II  h  the  Chemung  group. 

Westward  of  Xcw  York  the  Portafjc  and  Chemung  groups  have  been  supposed 
to  be  representeil  in  Ohio  by  a  sandstone  called  "  H'nrfr/y  «oM<A»f»<«r,"  three  ia 
four  hundred  feet  in  thickness.  Many  facts,  however,  point  rather  to  the  conclu- 
sion that  the  larger  portion  at  least  of  this  series  really  belongs  to  the  Sii)>c&r- 
bunifurous,  or  is  at  any  rate  newer  than  the  Chemung.  Late  investigationa 
also  renilcr  it  more  than  probable  that  bods  referred  to  the  Chemung  in  Missouri 
and  Iowa  are  really  more  recent. 

To  the  .«»outh  and  southwest  of  New  York,  in  Pennsylvania,  and 
beyond  along  the  ApjKilarhian  region,  the  corresponding  be<l»  have 
great  thickness,  amounting  in  some  places  to  more  than  3000  feet. 
The  rocks  have  the  same  sandst^^ne  character  a.s  in  New  York. 
This  remark  applies  to  the  beds  in  the  northeast  towards  Gasji^  ; 
for  the  UpjM'r  Devonian  is  represented  in  that  part  of  the  continent. 
The  beds  at  St.  John's,  Now  Brunswick,  have  been  specially  refer nxl 
to  the  Upper  Devonian,  but  their  precise  paralleliiim  with  the  New 
York  Devonian  has  not  been  determined. 

The  beds  of  both  the  Chemung  and  Portage  groups  in  New  York 
an<l  Ohio  al)ound  in  ripple-marks,  obliquely-laminated  layers,  mud- 
marks,  and  cracks  from  sun-drying, — evidences  of  the  existence  of 
extensive  exposed  mud-flats,  of  sandy  or  muddy  areas  swept  by 
the  waves,  and  of  tidal  currents  in  contrary  movement  through  the 
shallow  waters. 


Google 


OHUCUHO  nuoD. 


289 


JL  Lift. 

The  Chemung  period  was  as  ^^roCuse  in  life  as  any  that  preceded 
it,  and  yot  waa  alxiMMt  wholly  cUffiueiit  in  ita  apeoiea  from  the 
Hamilton. 

1.  Planis, 


Bendea  the  CaudorGaUi  Sea-weed,  there  are  remains  of  many  land- 
ftpMip  aall  tta  w»  find  that  after  the  first  appearance  of  an  un- 
iiriMpll]aii^<p]aiit  their  relioi  are  no  longer  rare  fbidlfl. 


IIK.  S02.  Spbenopteris  Uxiu;  503,  Leikidodeadroa  Tsmixemi;  604,  AtiTp*  Hyrtrjz. 


In  thp  Port.'ipo  tJiere  are  great  numbers  of  FSimidi,  or  forms 
r^arded  as  fucoidal.  The  most  common  kind  appear  like  shorty 
ftiai^t,  simple  ateraa,  two  or  three  inchea  long,  aeattered  thiekly 
orer  the  surface  of  the  fiagstones.  In  the  Upper  Portage  there  are 
othpr  cylindrical  forms  penetrating  vertically  tlio  laytTs;  but  these 
are  probably  the  fillings  of  worm-holes,  analogous  to  those  of  the 
Fotidam  MUidatone  (p.  185). 

2.  Animals. 

The  Portage  bcfls,  though  abounding  less  in  fossils  than  theChe- 
mang,  contain  various  species  of  Crinoids,  Brachiopods,  C'onch{fen 
{Atiaibpeelaut  Atrinlg,  and  others),  BdUrophonSt  and  (Toatoliiet.  A 
large  Crinoid-^e  C^alkoerimigr  omaHumau  oocutb  in  great  num> 
lx>rs.  broken  to  fragmenta,  throogh  a  small  area  in  the  town  of 
Portland,  on  Lake  Erie. 
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The  Chemung  group  in  Now  York  affords  great  numbers  of 
Ai'iculir,  iiiany  Brnchioj)od8,  iiichuling  broad-winged  Spiri/ers,  and 
some  Producti,  a  huge  GoniatUe  (four  or  five  inches  in  diameter),  and 
rarely  a  Trilobite. 

CharacUriMic  Speeies. 
1.  Plant*. — Fig.  502,  Sphenoptrri*  liij-u;  Upper  ChemuDR  b«<l(;  Saffmarta 
Ckfmmiijfiiti;  from  near  Elmim,  N.Y. ;  503,  Lrpidndtndron  Vonnxemi,  from 
near  Owego,  N.Y.  Specioa  of  CainmiU*  have  also  bcco  found.  At  St.  John'*, 
New  Brun.swick,  occur  the  following  species,  first  described,  with  one  exception, 
by  DiiWKun: — the  Dndiuegton  OunntjondiaHum  (a  Conifer),  Cultimitet  Tmnmitioula 
Qoeppcrt,  AitrrupkifHiUt  jmrrula,  Sphenophylliim  anliifuum,  Lifeopndilet  Mat- 
tkeiei,  Cordailt*  Robhii,  a  Spkrnnpteri;  Cyrfopterii  Jackaom',  and  others.  Tho 
Cgeloplerit  oocnra  also  at  Perry,  Maine. 


Figs.  505-507. 


Fig.  60S,  Avicutupcclen  ilu|j|icatu*;  50A,  Ptcninite*?  ChrmungensU ;  SOT,  Ortboc«rM 

AdcuU. 

2.  AnimnU. — Fig.  504,  Atr^n  Hiftlrir  ;  Fig.  505,  Avieulopecten  dtiplicattt*  ; 
Fig.  506,  Pleronitff  Chtmunyeiuiw ;  Fig.  507,  Orlhocerat  Acicvla. 

m.  General  Observations. 
Oeography. — The  character  of  the  hods — the  shales  that  wore 
made  from  mud-beds  and  tlie  shaly  sandstones  from  sand-doposi- 
tions — which  Hpren<l  over  western  an<l  southern  New  York  and 
southwest  along  the  Appahvchian  region,  which  become  more  nhaly 
to  the  western  limit  of  the  State  and  more  sandy  in  the  opposite 
direction,  tells  nearly  the  same  story  with  regard  to  the  geograjihv 
of  the  continent  as  in  the  Hamilton  period.  The  rocks  were  largely 
shallow-water  or  sund-ilat  formations,  an  shown  by  the  ripple-nmrks, 
shrinkagf'-cracks,  and  oblirjue  lamination  ;  and  thoy  therefore  indi- 
cate by  their  great  thickness  a  .subsidence  during  their  progresH  to 
a  corresponding  extent,  and,  further,  that  this  subsidence  or  ehange 
of  level  affected  most  the  Appalachian  region.  The  shallow  so* 
probably  extended  westward,  forming  sandy  deposits  over  Ohio, 
though  of  much  less  thickne.ss  than  in  New  York. 
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Iilfe. — In  its  plants  the  Chemung  period  indicates  the  approach 
of  the  Carboniferous  age, — the  genera  Lepidodnxdron,  Sagenaria, 
Sphmopirru,  Calamites,  being  characteristic  of  that  time.  Its  animal 
species  bear  marks  of  new  progress,  in  the  great  GoniatiUs,  with  more 
complex  septa,  and  the  greater  abundance  of  large-winged  Spirifers, 
as  well  as  the  occurrence  of  species  having  spinous  shells. 

CATSKILL  PERIOD  (12). 

X.  Rocks :   kinds  and  distribution. 

The  rocks  of  the  Catskill  period  are  shales  and  sandstones  of 
Tarious  colors,  in  which  red  predominates.  The  sandstones  are  far 
more  extensive  than  the  shales,  and  pass  into  conglomerates  or 
coarse  grit-rock,  and  also  into  a  rough  mass  looking  as  if  made  of 

Fig.  507  A. 


No«ggerathia  obtuMu 


cemented  fragments  of  hard  slat«.  The  upper  part  is  in  general  a 
conglomerate.  Tliere  are  ripple-marks,  oblique  lamination,  and 
other  evidences  of  .sejv^hore  action,  in  many  of  the  strata.  Some  of 
the  layers  are  |)artially  calcareous. 
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The  formation,  instead  of  thickening  to  the  westward  in  New 
York,  like  tho»e  preceding  it  in  time,  thins  out  in  that  direction, 
and  thickens  towards  the  Hudson,  being  two  or  three  thousand 
feet  in  the  Catskills.  It  stretches  south  along  the  Appalachian 
region,  beneath  the  Coal  formation  of  Pennsylvania  and  Virginia, 
where  it  is  5000  or  6000  feet  tliick.  It  is  eminently  an  Appalachian 
formation. 

n.  Life. 

The  rocks  afford  but  few  relics  of  animal  life,  and  these  differ 
completely  from  those  of  the  earlier  periods.  There  is  thus,  as 
appears,  a  new  beginning  in  the  life  of  the  continent.  It  is,  how- 
ever, yet  uncertain  what  were  the  condition  and  life  of  the  interior 
region,  as  no  strata  have  been  there  recognized  as  certainly  of 
this  era. 

1.  Ptanu. — The  land-plants,  relics  of  which  are  occasionally  met  with,  were 
of  the  aame  Carboniferous  character  as  in  the  CbemoDg  perio<L    Fig.  &07  A 


Fig.  608. 


Modiola  •Dgucta. 

represents  a  portion  of  a  lar^^e  frond  of  the  Notggtrathia  obttua,  from  Hontroa*), 


Pa., — a  characteristic  fern  of  the  period.    The  frond  was  over  a  foot  broad. 

Figs.  500-511. 


Kig.  &00,  Iluloptychint  Amcricanns;  510,  Tooth,  Id.;  510  a,  section  of  sun«  tooth: 

511,  Iloloptychint  Taylori. 

2.  Animal: — Amonp;  AnimalR,no  Corals, Crinoids.Brachiopods, or Trilobites. are 
jrct  known.    There  are  some  Coochifers,  such  a«  (fig.  508)  the  ilodioia  angu»ta 
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{Ojfprieardia  omgtuta dm.),  and  a  fsw  other  «peei«s,  and  a  EunmphaUi ;  theae,  with 
tegmenta  of  iabat,  maka  op  abovt  all  thai  it  yat  known  rMpoetinf  th*  aateal 

foMils  of  the  bed?.  Ainon>f  the  fi!<he!<  there  are  (fifr.  509)  U<>h,f,i\jrhim  AvMricanH* 
(>I0  being  a  tooth  of  the  same,  and  510  a,  a  sectiou  uf  the  latter);  611,  Uolo- 
fifdHma  n^ferit  The  lattar  ipaaiaa  «aa  of  larga  atM^  a  portfam  of  «m  of  tko 
•h  fiwad  ia  Bow  Yoik  iaJiealiag  a  longttof  aMno  tluui  a  foot  Ibr  tho  Mlln  ia. 

TTT.  0«neral  Obaervationa. 

Q«ography. — Tho  lorntion  of  tlip  Catskill  ImhIs  in  onstorn  Now 
York  instead  of  central  or  western  (like  the  liainiltun  und  Clie- 
■niBg),  and  their  thickneM  there,  ihow  that  a  great  geographical 
change  preceded  the  opening  of  the  period.  The  Appnliu  hian 
sub>i(l«>npc.  instead  of  extfnding  north  ovor  cpntral  Now  York, 
involved  the  Hudson  River  valley,  far  to  the  eastward ;  and  the 
•Boaiii  of  sobaidenoe  both  hero  and  in  Pennsylvania  and  Vir* 
ginia  waa  nraeh  greater  than  in  the  preceding  perioda.  Hie 
change,  moreover,  was  attended  witli  a  eomph  te  destruction  of  all 
pre-exi'iting  life, — more  comy)loto  than  orcurri'd  in  any  otlior  part 
of  the  Devonian  age.  Whether  the  Interior  Continentul  basin  was 
nareaof  dryland  or  of  water,  is  not  dearly  apparent.  The  most 
piohable  supposition  is  that  the  great  sinking  of  the  borch  r  region 
of  tho  rnntinont  was  attended  with  a  rising  of  wostcrn  X<  \v  York 
and  the  interior,  and  that  the  extermination  of  hie  was  thus  pro- 
duced. In  this  event  the  Dev<mien  age  ended.  After  this,  New 
York  State,  excepting  a  border  on  the  south,  lay  to  the  north  of 
the  region  undergoing  prfiirn-.^  tliri>ui.'h  now  fnrniationH;  for  the 
greater  part  of  it  was  probably  part  of  the  dry  land  of  the 
growing  continent.  The  rocks  of  the  Goal  age,  with  tho  small 
ttception  alluded  to,  do  not  spread  over  it.  Some  geol<^ists 
would  make  the  Devonian  age  close  with  the  Chemung  period ; 
but  the  fossil  fishes  of  th<>  Catskill  IkhJs,  acronling  to  Hr.  NfW- 
berry,  appear  to  represent  closely  those  of  the  British  Old  Red  Sand- 
stone or  Devonian,  and  no  dmihur  species  have  been  found  in  the 
Burlington  or  other  Subcarboniferous  limestones  of  tho  West. 

If  the  view  prr-«pnt«'d  lio  rnrrcct,  then'  is  a  hold  t!;in-ition  from 
the  closing  period  of  the  Devonian  ago  to  the  opening  of  the 
Ovfaonilintms.  The  Ibrmer  was  a  period  in  whidi  the  great  Appar 
ladiian  subsidence  (as  in  other  parts  of  the  Devonian)  reached 
north  into  the  State  of  New  York,  while  in  the  latter  it  hardly 
pass<'d  the  limits  of  P«'nnsylvania.  Tlio  former  was  characterized 
by  dry  land  over  the  great  Interior  Continental  basin ;  the  latter, 
by  a  wide-spretd,  and  clear  thoui^  not  deep,  sea,  growing  Grinoids 
•ad  forming  limestones }  for  the  Subcarboni^KOus  limestone  formir 
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tions  are  among  the  mcMt  extensive  in  Ihe  geological  series,  and 
orinoidal  remains  arc  in  great  profusion. 

FOREIGN  DEVONIAN. 

L  Rock* :  kinds  and  aubdivislona. 

The  Devonian  rocks  <K'<'ur  as  surl'ace-stratji  in  nio-^t  of  the  coun- 
tries of  Europe,  and  in  parts  of  all  the  other  continents. 

In  the  British  Isles,  Ihey  are  e.xposed  to  view  in  southern  Wales 
and  the  adjoining  county  of  Ih-refonlshire ;  in  the  peninsula  of 
Devonshire  and  Cornwall  ;  along  the  southern  flank  of  the  Gram- 
pians, and  on  the  northwestern  side  of  I^mniernmir  from  DuuImu* 
to  the  coast  of  Ayrshire,  in  the  valley  of  the  Twee<l,  and  elsewhere, 
in  Scotland ;  and  also  in  Ireland  and  the  Isle  of  Man. 

On  the  map,  fig.  005,  the  Devonian  areas  are  distinguished  by 
vertical  lines. 

The  strata  in  England  and  Scotland  have  long  gone  by  the  name  of 
the  Old  Red  San<l»tono, — red  sandstone  being  the  prevailing  rock  in 
Wales  and  Herefordshire  as  well  as  Scotland.  With  the  sandstone, 
there  are  beds  of  marl  or  argillact>ous  shale,  and  some  limestone. 

The  beds  of  Wales  arc  arf^illacoous  shales  or  marls,  of  red  aod  other  colors, 
with  some  whitish  sandstone  and  impure  lime.^tone,  overlaid  by  red  sandstone 
which  passes  above  into  ■  conglomerate ;  and  the  whole  thicknc8S  is  estimated 
by  Murchison  at  8000  or  10,000  feet.  The  limestone  is  concretionary,  and  is 
eallc<l  VorutloMe. 

In  Scotland  there  are,  according  to  Hugh  Miller,  the  following  subdivisions: — 

f  3.  Yellow  sandstone ;  containing  JMoptychiut,  etc. 
8.  Upper.  <  2.  Concretionary  limeKtone. 

1 1.  Red  itandstone  and  conglomerate. 

2.  Middle — Gray  sandstones  and  shales  ;  containing  CtphalatpU,  etc. 

13.  Red  and  variegated  sandstone. 
2.  Bituminous  schists ;  containing  Dipterut,  Pteriektkjf,  Coceot- 
ttHf,  etc. 
1.  Conglomerate  and  red  sandstone. 

In  Devonshire  and  Cornwall  the  strata  arc  of  very  different  character.  They 
are  stated  by  Sedgwick  as  follow : — 

4.  Petherwin  group.     (  ClymcnU  limestone. 

1 1.  Mnrw<K>d  sandstones. 

3.  Dartmouth  group.    (  Roofing-slates  and  quarti,  with  variegated  sandttonefl 

1        above,  in  north  Devon. 

1 3.  Red  sandstone  and  flagstone^ 
2.  Plymouth  group,     'j  2.  Calcar«ous  slates. 

(.  1.  Great  Devon  limestone. 
1.  Liskeard  or  Ashburton  group. 
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In  tbe  Eifel  (RhenUh  provincei)  there  arc,  below,  bUUw  and  sandstones  ;  next, 
the  gTtAt  Eifel  limetttone,  the  eqalralent,  apparentlff  «f  the  Upper  Uelderberg ; 
•JiH  sboro  thi»,  slatM  with  M  iatomudiat*  limeitaiiv-^*  whote  taraiwl  tho 

Cfprtdima  tlale*. 

In  RiiMia,  Um  DaroBiu  fbrmatUni  to  «zpo«ed  orwr »  grmt  «stMit  of  tonntry. 

Tbe  rr»cks  arr  ni"!>lly  luarln  ari'l  j'aml'tonps  with  laniiniiti-"!  limcstdnrs.  Accord- 
ag  to  Kutorga,  the  prevailing  order  is  marls  below,  then  »andi$tonei>,  then  argil> 

There  is  tbvs  a  great  divenitjr  in  mineral  oharacier,  and  no  oon- 

f  trniityin  t!i-  subdivisions  of  the  Devonian  with  those  in  America. 
A>  alrtady  t'xplaiiK'd.  tli<>s<'  ^nlxlivisjoiis  are  in  gcnfral  due  to 
causes  that  have  acted  too  locally  to  be  often  alike  and  syuchrcuous 
in  x«ry  distant  reipons. 

n.  Life. 

PUnti. — Europe  and  Britain  have  allbrded,  in  addition  to  sea- 
medi,  remains  of  plants  related  in  genera  to  those  of  the  Coal 
iwriod;  so  that  from  an  early  i)rrio<l  of  the  Devonian  the  land  of 
other  continents  V)esides  America  had  its  Fmis  and  ConiCtTs.  Tbe 
earliest  fossil  Conifer  in  Britain  was  found  by  Hugh  Miller  in  his 
lower  diyision  of  the  Old  Red  Sandstone  of  Scotland. 

In  Ooeppert's  recent  memoir  on  tho  plants  of  the  Silurian,  Devonian,  and 
Lower  Cuboniferons  roolu,  lie  giva  20  Bilarbui  spoeiMy  all  Atgm  /  In  tbe  Lower 

Devonian.  5Afgir  nixl  1  S^'iHliirin  ;  in  (lie  Middle  DeTOBloDf  I tSSn^cnana/ ia the 
U|>p«r  Devonian,  57  species,  all  but  7  land-plantl. 

Amnujl.i. — The  range  of  animal  life  was  similar  to  that  of  Ame- 
rica. A  few  species  of  Europe  and  America  were  identical ;  but 
the  great  minority  were  distinot,  showing  that  the  continents  did 
not  derive  their  l^e  from  one  another.  Bat  as  re^irds  genera  the 
identity  was  very  nearly  complete.  The  continents  were  marching 
on  with  nearly  eciual  step  in  the  progress  of  life. 

Corab  were  abundant  in  Europe,  especially  Favosites  and  the 
Pjrsthopbylloid  species,  and  coral-reefs  were  forming  in  the  Eifel 
and  some  other  parts.  MoUusks  were  most  abundantly  represented 
hy  Brarhiopoili,  and  Crustaceans  by  Trilobitcs  and  the  little  Ov/r-/ -'kVv, 
Among  Brachiopods,  iSpiri/ers  were  very  common,  and  the  genua 
Produetus  made  its  first  iq>pearance,  along  with  othons  of  less  pro> 
minenoe.  GoniatUet  also  (a  genus  of  Cephalopods)  was  a  new  tjrpet 
iud  became  well  represented  before  the  close  of  tlie  ape. 

The  sub-kingdom  of  Vertebrates  includeil  numerous  fishes,— 
*oine  that  were  several  feet  long :  they  were  all  either  Sdaehkmt  or 
Ganoids.  A  few  are  represented,  of  reduced  siae,  in  figs.  516-519. 
With  so  powerftU  spedes  in  the  water,  it  is  not  a  matter  of  surprise 
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that  the  clumpy  Orthocerata  of  the  Silurian  age  were  succeeded  bj 
fewer  and  smaller  species. 

Just  before  the  Devonian  age  closed,  there  were  Iteptiles  in  the 
world.  This  is  a  second  step  in  the  unfolding  of  the  Vertebrate 
type.  The  skeleton  of  one  Htnull  Hpecies,  called  Tdrrpeton,  is  repre- 
sented in  Bg.  520.  Moreover,  besides  these  remains,  tracks  of 
Amphibians  have  been  observed,  proving  that  air-breathing  animals 
frequented  the  marshes. 

Charadmstic  Species. 

1.  Radiates. — Among  R&diates  there  were  ipecies  of  Ptntrtmxttt,  th«  earliest 
in  Europe  of  the  group  of  BlacUtid  Crinoids. 

2.  MoUoskA. — ^rncAropo<i«  included  Bpecies  of  Onki*,Slrophomena,  Ahypa, 
RhynckoneNn,  Spiri/tr,  Produetu;  Chonete*,  etc.;  besides  Caleeola  and  Strimgo- 
cepkaluM,  which  are  confined  to  the  Devonian  age.  Fig.  231  ii  the  Cnteeola  »a»- 
dalitta  (no  called  from  the  f  andal-liko  shape  of  the  shell).  This  gennscharaeterites 
the  Calceoln  tktil  which  underlies  the  great  Devonian  limestone  of  tho  Eifcl. 

Conekiftrt  were  numerous  of  tho  genera  Avicnlaf  Aviculoptrien,  Pterinto,  N%- 
eulof  Conoeardium ;  also  of  Area,  Orammifiia,  MegalodvH,  etc.  Thcr*  wert 
On*irropodt  (all  without  beaks)  of  the  old  genera  ilnrckitunio,  Euompkafut, 
Pieurolomnria,  Loxontma,  lUIUropkon,  etc.  There  were  others  also  of  the  new 
genus  Porcellia,  which  is  near  BcUcruphon,  and  somewhat  resembles  an  Am- 
monite in  form,  but  has  a  deep  dorsal  slit  in  tho  aperture  of  the  shelL 


Figs.  512,  513. 


Cbtbaiapods.— Fig.  512,  Oonlatitea  retronoa ;  M3,  ajrmenla  Bedgwickli ;  613  a,  doraal  riew 

of  septa. 


Cepkalopod*  include  a  few  species  of  the  Orthoceras  family, — also  Xamtih',  and 
aeveral  epeeiei  of  the  new  genus  Oomatiif,  of  the  Ammoaite  family,  and  of 
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uother,  called  Cly^enia.  Fig.  512,  OoniatiUt  relrortut ;  fig.  613,  Cl^menia 
Stdyteiekii.  The  shell  in  CIgmenin  ha*  the  furm  in  the  Ammonite;,  but,  unlike 
the  Ooniatitea  and  Ammonites,  the  siphuncle  is  ventral  instead  of  dorsal,  and 
the  septa  have  no  distinct  dorsal  lobe  on  the  medial  line,  as  shown  in  fig.  61S  a. 

3.  AxtlcnlatM. — There  arc  a  number  of  species  of  Trilobites,  though  leas 
tlian  in  the  Silurian  :  the  genus  Phaeop*  or  Dalmtim'a  in  most  common.  Homalo- 
■o/m  hail  European  species,  and  one,  H.  armattu,  has  spines  un  tho  bead  and  two 
rows  along  the  back.  This  spiaoua  feature  reaches  its  maximum  ia  the  Devonian 
Arytt  armalu*  (fig.  614). 

Figs.  514,  515. 


ClnTAcaixa. — Fig.  514,  Arge*  srmatus :  A1A,  Slate  containing  [Cypridina  serrat»«trlata, 
natoral  site;  615  a,  name,  enlarged. 

Mtnnte  Ostracoids,  referred  to  tho  genus  Cypridtna,  abound  in  the  Cypridima 
«/«(e,  giriag  this  name  to  the  beds.  Fig.  515  represents  a  portion  of  the  slate  or 


Fig.  516. 


Pterichthja  Uilleri. 


•hale  with  the  shells  of  the  Cypridina  terrato^triata  on  ita  surface,  natural  siie, 
and  515  a  Is  one  of  tho  iholls,  enlarged. 
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4.  Vertebrates. — In  the  DeToni&n  rock*  of  Ore»t  Britain  and  Europe,  a 
large  number  of  rpecies  of  fiahen  have  been  fuuml ;  and  when  we  ooaridcr  how 
IttUo  likely  fished  are  to  become  buried  and  foMilixed,  w«  begin  to  appreciate 
their  vast  abundance  in  th«  Age  of  Pifhes. 

Among  Oaitoid*,  fig.  5IG  pcpreMntiS  the  Placodenn  Pttrichthy  Millrri  (u 
restored  by  Pander),  reduced  te>  half  the  natural  »ijtf.  The  C»croitrn»  r(-acmblc« 
it  in  it«  plater,  but  has  a  longer  tail,  fitted  for  rcullin<;  by  means  of  a  fin  along  the 
upper  and  under  sides.  Fig.  517,  the  Jihombt'/er  (lanoid  Crjikalatiiit  Lyellit  f 
figs.  517  a,  517  h,  scales  of  the  same;  fig.  51S,  the  Imhrienit  Oanoid  Holitpig- 
china;  flg.  618  a,  Male,  id.;  fig.  619,  another  Rhumbifer,  Diytenu  maeroiepi' 
dolut. 


Figs.  517-519. 


Qasoids.— Fig.  617,  CepbolaspU  LyBllll;  617  a,  6,  gc»Je«,  W.;  518,  noloptychim ;  61»a, 
8calo,  id.;  C19,  Dipterua  macrolepidotut ;  619  a,  £calc,  Id. 


Atterolepit  Atmnti  Agasi<iz.  whose  remains  occur  both  in  Russia  and  Scot- 
land, must  have  been  20  to  30  feet  long. 

RtptiU*. — Fig.  620,  TeltrpetoH  Elyinenie  Mantell,  a  species  found  on  the  south 
!<ide  of  the  Moray  Firth,  in  a  whitUh  sandstone  rock  which  is  regarded  by  most 
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KCoIof^Utii  u  Deronian,  thon^^h  rufrpected  to  be  Triassic.  The  animal  app«arii 
to  lure  been  more  Laeertukn  than  Batr&chian ;  and  tb\s  saperiuritjr  to  other 


«p»cies  of  the  next  period  is  partly  Ihc  occnfii'n  of  llio  douUf  iij"  to  itn  bcinp;  true 
DcToaian.  In  the  Mmo  quarry  tlu-re  have  been  observed  thirty-four  consecutive 
fnotprintJ  of  a  four-footed  animiil  which  whk  ]irobably  am]>hibiiin.  The  tracks 
•if  the  fore-feet  arc  one  inch  brond,  nnd  thono  of  the  biud^fccl  three-fourtba  of 
an  inch,  while  the  etride  was  four  inchcit. 

OENERAL  OBSERVATIONS  0\  THE  PEVOXIAN  A(;E. 

American  Geography. — 1,  General  f<aturfx. — Tlio  facts  gathered 
from  tht>  Silurian  struta  h-atl  us  to  coiicoive  of  the  ago — far  the 
lonfost  of  all  thr  age,",  oxceptiiifr  the  A/.oic — au<  one  of  small,  barren 
UndH  in  the  midst  of  great  waiters.  \\v  may  suspect  tl»*  existt-nce 
of  land-plants ;  j'et  the  suspicion  is  not  sustained  by  observation. 
But  l>efon>  the  Devonian  age  had  half  passed,  the  land  had  become 
covered  with  vegetation,  preparatory  for  a  fr<'er  and  nobler  life 
than  that  of  the  waters.  Still,  the  tlry  land  of  the  continents  had 
mcreased  but  little  in  extent.  The  Azoic  urea,  which  luul  been 
enlarged  on  the  north  by  suci'cssive  additions  from  emergence 
'luring  the  Silurian,  had  expanded  farther  in  the  same  direction, 
until,  at  the  close  of  the  iK'Vonian,  the  State  of  New  York  formed 
•  part  of  the  land  that  lK>re  the  new  vegetation.  For.  a&  seen  on 
the  map,  p.  170,  the  rocks  which  succeed  one  another  readi  less 
»nd  less  far  northward,  proving  that  there  was  this  progrcj^s  south- 
wa.-d  with  each  period. 

The  general  map  on  page  133  shows  tho  area  over  which  the 
i^ilurian  ond  Devonian  formationsi  are  now  uncovere<l  in  other  parts 


Fig.  520. 
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of  the  Unitod  States.  But  we  cftnnoi  conclude  that  no  lat^r  rocks 
ever  existed  over  these  areas  ;  for  extensive  strata  may  hare  been 
washed  away  in  the  course  of  subsequent  changes.  Yet  there  had 
been  progress  in  the  dry  land  from  the  north,  southward,  along  the, 
region  of  Ohio  and  Wisconsin,  as  in  the  State  of  New  York,  and  , 
also  from  the  Azoic  axis  of  the  far  north,  westward  and  east- 
ward :  so  that  a  general  expansion  of  the  old  Azoic  had  taken  place, 
by  additions  to  all  of  it«  borders.  South  of  New  York,  and  over  a 
large  part  of  the  continent,  the  surface  was  still  liable  to  alternate 
sinking  and  rising,  and  was,  therefore,  open  to  new  formations. 
North  America  was  in  the  main  a  continental  sea,  with  the  extent 
of  land  that  was  permanently  dry  very  limited  as  compared  with 
the  present  finished  continent. 

In  place  of  the  Rocky  Mountains  and  Appalachians,  there  were 
only  islands,  reefs,  and  .shallow  waters,  to  mark  their  future  site; 
for  Carboniferous  strata  and  others  of  later  age  cover  the  slopes  of 
the  Western  mountains  even  over  their  summit-plains,  and  a  lime- 
stone of  the  Carboniferous  age  has  been  obsen'ed  in  one  place  at  a 
height  of  13,000  feet  alwve  the  sea.  The  fossils  of  these  rocks  are 
the  remains  of  animals  that  lived  in  the  continental  seas  of  that 
region  in  the  next  age  after  the  Devonian.  The  Appalachians  also 
contain  in  their  structure  rocks  of  the  Devonian  and  Carboniferous 
eras.  The  Green  Mountains  have  been  already  spoken  of  as  in 
part  dry  land ;  but,  as  rocks  of  the  Devonian  and  Carboniferous 
seas  constitute  portions  of  New  Kngland,  they  could  not  have  had 
their  present  elevation,  and  were  probably  low. 

It  follows,  from  the  limited  area  of  the  land  and  the  absence  of 
high  mountains,  that  there  were  no  large  rivers  at  the  time.  With 
the  close  of  the  Devonian  the  Hudson  River  may  have  existed 
with  nearly  its  present  limits,  and  in  Canada  the  Ottawa  and  other 
streams  drained  the  northern  Azoic.  Even  the  St.  Lawrence  above 
Montreal  may  have  been  a  fresh-water  stream. 

2.  Rocks  of  marine  and  nol  of  fresh-water  origin. — None  of  the  strata 
bear  evident  marks  of  fresh-water  origin.  The  shale  deposits  and 
mud-rocks,  which  have  been  described,  are  such  a.s  might  have 
been  formed  by  fresh  waters ;  but  they  all  contain  fossils,  few  or 
many,  which  are  of  the  same  genera  and  often  the  .same  species 
with  those  of  beds  obviously  marine.  Proofs  of  fresh-water  de{>osi- 
tions,  therefore,  still  fail  us.  Their  absence  may  be  accounted  for  on 
the  grounds — (1)  that  there  were  no  great  rivers ;  (2)  that  whatever 
material  was  borne  to  the  sea  was  worked  up  by  the  waves  and 
filled  with  marine  life ;  and  (3)  that  depositions  over  the  land,  ex- 
cepting perhaps  in  those  parts  of  the  continent  that  were  perma- 
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nently  dry,  would  have  been  arranged  anew  by  the  wavee  in  times 
of  mbmevgeikoe. 

3.  Geographical  changta. — The  history  of  the  periods  of  the  Devo- 
m»jx  has  been  shown  to  be,  like  that  of  the  Sihiriun  perio<ls,  a  history 
of  successive  OMciilations  in  the  continental  level, — the  position  of 
the  Mooiniilatuig  depoaito  nvyiaf  mora  to  the  east  or  to  the  wcet 
with  the  varying  location  of  the  subsiding  or  emerging  areas. 
Throughout  the  whole,  the  Appalachian  region  continued  to  be 
well  defined.  It»  deposits  conbitited  mainly  of  shales  and  sand- 
ifaNMt,  and  they  heve  e  total  thidtneas  of  not  laas  tiiaa  16^000 
iMt;  while  in  the  West  the  rocks  are  for  the  moat  pert  limeatonea, 
with  a  thicknt'ss  of  less  tluin  5(K)  feet. 

It  appears,  moreover,  that  in  the  Devonian  as  well  as  Silurian 
afOb  the  interior  region  was  oorerad  with  hot  thia  heda  <rf  aaj 
kiiwi,'  thin  aendstones  whm  sandatonea  wero  formed*  and  thin 
limestones  compared  with  the  ootomporaneous  sliales  and  sand- 
itone  strata  farther  east ;  and  hence  the  oscillations  of  level  there 
iiidioated  are  smell  aa  compared  with  thoae  of  the  Appalachian 
legion.  Koreower,  from  the  preralenoe  of  Hmeatone  atrate  in  the 
Wf^t  we  learn  that  the  great  mediterranean  sea  of  the  Silurian  age 
wa«  continued  far  into  the  Devonian,  opening  south  into  the 
Atlantic  and  Gulf  of  Mexico,  and  reaching  north  probably  to  the 
Aietitt.  Through  aome  porta  of  the  Weat,  tiie  Niagan  end  Upper 
Helderberg  limestones — the  formations  of  that  mterior  aeft— foUow  ' 
each  other  with  hut  little  interruption. 

European  Gteography. — The  European  continent  in  the  Devonian 
ega  ooold  not  hare  had  the  aimplicity  of  features  and  morement 
that  characterized  the  American.  It  is  obvious  from  the  great 
diversity  of  the  Devonian  rocks — sandstones  at  one  end  of  Britain 
and  limestones  at  the  other,  limestones  in  the  £ifel  on  the  Hhine 
and  almost  none  in  Bohemi»-4hat  the  continent  had  not  ita  mie 
aniform  interior  sea  like  North  America,  hut  was  en  archipelago, 
diversjfio<l  in  its  niovpinent^H  and  progress. 

There  may  liave  been  proportionally  more  elevated  heights  over 
the  area;  but  it  is  atill  true  that  there  waa  little  of  it  dry;  tha*the 

loftier  mounteina  had  not  heen  made  the  Alps  and  Pyrenees  heing 

liardlv  vet  in  embrvo:  and  that,  with  small  lands  and  small  moun- 
tainii,  rivers  must  have  been  nmall.  No  fresh-water  deposits  have 
yet  been  distinguished ;  the  salt  ocean  was  nearly  universal.  Within 
%  animals  were  tiring,  and  the  continent  waa  forming  at  shallow 
depths. 

Life. — The  introduction  of  land-planlx  and  that  oi  fuhet  are  the 
two  great  steps  of  progress  that  especially  mark  the  Devonian  age. 
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The  land-plani»  belong  to  two  prominent  groups, — Conift-rt  and 
AcTDgens  (p.  1C6).  Tlie  former  are  the  lowest  of  flowering  plantti, 
the  latter  the  highest  of  the  flowerless  plants,  or  Crj'ptogams. 
Mofises,  iin  inferior  group  of  Cryi>togams,  are  unrepre,>*entetl.  Thui 
the  new  ereutiona  commencetl  with  neither  the  highest  nor  the 
lowest  of  plants,  but  at  an  intermediate  point  in  the  Heries,  where 
the  lower  and  higher  groups  come  together.  There  was  neither 
moss  nor  grass ;  nnd  no  slu)wy  flowers  existed  to  contrast  with  the 
verdure.  The  Conifers  have  inconspicuous  flowers,  and  of  all  flower 
ing  plants  approximate  most  nearly  in  fructification  to  the  Acrogens. 
Moreover,  between  the  Acrogens  and  the  Conifers  of  the  era  there 
was  an  intermediate  group  (although  most  closely  related  to  the 
latter),  wliich  included  the  Sigillaria>:  so  that  there  was  a  remark- 
able unity  in  the  early  botany  of  the  world.  The  Acrogt»n8  repre- 
sented belong  to  the  Lycopodium,  K<|uisetum,  and  Fern  tribes. 

The  Fishes  of  the  ago  are  also  of  two  groups, — the  Selachians,  or 
Sharks,  and  the  Ganolils.  The  earliest  species,  therefore,  instea<l  of 
being  the  lowest  of  flshes,  belong  to  the  highest  of  the  three  grand 
divisions:  moreover,  instead  of  being  small,  some  of  them  were 
twenty  or  thirty  feet  long.  The  Selachians  are  highest  among 
fishen  even  in  modern  seas. 

These  early  fishen — especially  the  Ganoids — have  strong  Reptilian 
characteristics,  as  Agassiz  long  since  observed,  and  they  were  thus 
comprehensive  types,  foreshiulowing  the  class  of  Keptiles  afterwards 
createil.  Hence,  while  ]ilants  began  at  tlie  middle  of  the  scale. 
Fishes  commenced  at  the  top, — not.  indeed,  with  the  very  highest 
tribes  of  the  groups  introduced,  for  these  belong  to  later  time ;  but 
tlie  groups  themselves  rank  highest  in  the  cla«s  of  Fishes,  as  state*!. 
In  fact,  the  commencement  was  at  a  point  above  the  true  level  of 
Fishes,  verging  towards  the  higher  grade  of  Reptiles ;  and  it  was  not 
till  long  afterwards  that  the  fish-type  a)>peared  in  its  purity. 

Among  Ganoids,  the  Hi>ecies  of  Pterichthys  (fig.  516)  have  many  of 
the  charactersof  a  turtle, — its  pafldlesand  itscoveringof  ])lates ;  and 
those  of  Chccosteus  present  features  of  some  sculling  reptiles.  Many 
of  the  other  Ganoids  are  Sauroid,  in  having  the  teeth  closely  like 
those  of  the  early  Reptiles,  and  a  joint  made  of  concave  and  convex 
surfaces  at  the  junction  of  the  head  and  neck,  hence  admitting  of 
some  motion, — a  characteristic  belonging  to  none  of  the  common 
osseous  fishes  (Teliosts).  Another  Reptilian  characteristic  is  tlie 
lung-like  structure  of  the  air-bladder,  the  organ  which  answers  to  the 
lung  in  air-breathing  Vertebrates.  Moreover,  the  old  Ganoids  bear 
two  striking  marks  of  antiquity:  (1)  they  have  cartilaginous  skele- 
tons,  and  (2)  vertebrated  tails.    Besides,  they  are  at  the  present 
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time  nearly  an  extinct  tribe.  With  a  rare  exception,  the  vertebrate 
duneter  of  the  tail  does  not  reonr  after  the  Pkdmnoio. 
The  Ibrther  history  of  the  type  of  Fishes  is  a  sttlgect  of  speeial 

interpst,  as  will  aiijvoar  in  the  sequel. 

Besides  land-plantt«  and  fishes,  reptiles  are  supposed  to  date  from 
die  htt  epoch  of  the  Devonian, — though  the  evidence  is  not  beyond 
nipidoii,  as  stated  on  p.  2299.  If  eonreet»  the  heds  may  still  be 
gynr-hronous  with  those  cnlled  Lower  Carboniferous  in  Ponnsyl- 
vania,  in  which  similar  tracks  hiivo  boon  ohscrvcd  ;  nncl  in  thi» 
case  the  discrepancy  between  the  facts  thus  far  a.Hcertained  on  the 
two  oontineiits  is  slight.  Remarks  on  the  Beptilian  remains  are 
theMfore  deferred  to  a  following  page,  under  the  Cnrboniferoos. 
The  proproHs  of  lifp  «Iuring  the  Devonian  is  further  seen  in — 
(«.)The  introduction  of  many  new  genera  under  old  tribes;  for 
enmple,  iVtMAwtet  among  Bracliiupods,  whieh  begen  in  America 
in  the  Comiferous  period,  and  had  its  maximum  display,  and  also 
its  extinction,  in  the  Tarhnniferous  a>.'e  :  (;,r>i'in(ites  among  Tcphalo- 
pods,  which  had  its  earliest  Americ^in  s|K!cies  in  the  Uumilton 
period,  and  became  extinct  at  the  same  time  with  Produotns,— 
a  genus  of  interest,  as  it  is  the  first  of  a  (hmily  (that  of  Ammon* 
ites)  which  had  a  wonderful  extension  under  other  genera  in  the 
Reptilian  age,  an<l  Iw^camo  extinct  to  its  v«»rv  lust  species  at  the 
dose  of  that  age  ;  Nucleocrinu*  (lig.  452),  tlie  earliest  (after  a  single 
lower  saurian  genus)  of  the  Pentrtmtn,  another  of  the  eminently 
Carboniferous  types;  tlie  ellipsoidal  form  of  Nucloooriiuis  is  changed 
to  the  pentagonal  of  Pentremites  (fig.         with  the  first  of  the 
Subcarboniferous  species,  or  even  before,  in  the  Upper  Devonian. 
(A.)^^  oomplete  or  approximate  extinction  of  tribes:  as  that 
ef  the  CSfSli't^.  whieh  ended  with  the  Oriskany  period  in  America 
and  the  ejxx  h  of  tl»e  Kifel  linn'stone  in  Europe  ;  that  of  Favi^teffa, 
JBtBnfyfj,  and  other  genera  of  Corals  and  Crinoids;  that  o(  Atn/pa, 
Cdfrofa,  Slringoeepk^dtu^  and  other  genera  of  Brschiopods ;  that  of 
the  Chain-coral,  or  IlalifsitM,  which  does  not  appear  above  the  Upper 
Silurian  in  Americji,  Imt  is  fotmd  in  the  Kifel  limestone  in  Europe: 
that  of  TrUobites,  which,  after  there  hsid  been,  under  a  succession  of 
genera,  over  600  species,  came  nearly  to  its  end  in  the  Devonian, 
the  old  genera  being  all  extinct,  and  only  three  new  ones  appearing 
in  the  Cn rhoniferorjs,  to  close  otl'  thi-i  jironiinent  Paheozoic  type; 
the  Orthoccra*  family,  species  of  which  are  comparatively  rare  fossils 
slier  tiie  Devonian  age. 
(f.)In  the  historical  changes  in  tribes  or  genera:  for  example, 
the  Spirifrr^,  whicli  heir  !ii  in  narrow  species  in  tlie  Upper  Silurian, 
become  broad-winged  and  very  numerous  in  the  Devonian,  and 
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continue  thuB  into  the  Carboniferous ;  the  genus  Pnduetus,  whose 
earliest  species  are  very  small  and  few,  are  afterwards  of  large  size 
and  numerous.  These  changes  do  not  consist  in  the  gradual  varia- 
tion of  the  earlier  species ;  for  species  are  essentially  constant  in 
their  characteristics.  They  become  apparent  solely  in  the  succes- 
sion of  species, — the  lat^r  species  created  difiering  in  the  particulars 
mentioned  from  those  which  preceded  them. 

Each  of  these  points  admits  of  extensive  illustration ;  but  the 
above  is  sufficient  to  give  an  idea  of  the  kind  of  progress  life  was 
undergoing,  flach  period  had  its  new  creations  and  its  extinctions, 
and  often,  also,  there  were  many  successive  creations  and  extinctions 
in  a  single  period.  Families  and  tribes  were  in  constant  change ; 
and  through  all  these  changes  the  system  of  life  was  in  course  of 
development. 

Threads  running  through  past  time  to  the  present  era  increased 
very  slowly  in  number;  for  to  the  genus  Lingula,  which,  if  correctly 
determined,  reaches  to  the  farthest  distinguishable  limit  in  the  his- 
tory of  animal  life,  with  Nautilus,  Rhynchorulla,  Cratua,  and  Discina,  of 
the  Silurian,  only  Nueufa,  Tcrebratula,  and  perhaps  Area,  are  added  in 
the  course  of  the  Devonian  age.  These  genera  are  all  Molluscan. 
Every  other  (exclusive  of  some  comprising  the  inferior  organisms 
called  Bhizopods,  see  p.  163)  becomes  extinct  before  the  Age  of 
Man.  The  early  life  was  thus  cast  off,  as  the  earth  became  adapted 
to  new  forms  in  the  expanding  system. 

DISTURBANCES  CLOSING  THE  DEVONIAN  AGE, 

In  eastern  Canada,  Nova  Scotia,  and  Maine,  the  Devonian  and 
Silurian  strata  are  uplifted  at  various  angles  beneath  unconform- 
able beds  of  the  Carboniferous  (Dawson,  Logan,  C.  Hitchcock). 
These  uplifts  preceded  the  Carboniferous  age  (or  at  least  the  Car- 
boniferous period);  but  the  precise  epoch  of  their  production — 
that  is,  whether  before  the  close  of  the  Devonian  age,  or  not.  or 
whether  partly  in  the  Silurian — is  yet  to  be  ascertained.  Those 
in  Maine,  according  to  Hitchcock,  probably  took  place  at  the 
close  of  the  Devonian ;  and  the  same  may  be  true  of  the  others 
alluded  to. 

In  Iowa,  Wisconsin,  and  Illinois,  there  are  also  similar  uplifts ; 
but  the  Lower  Carboniferous  strata  are  involved  in  the  disturliance, 
and  these,  with  the  subjacent  beds,  lie  unconformably  beneath  the 
Coal  formation.  Here,  therefore,  the  uplifts  inuftt  have  taken  plaoe 
partly  at  least  (perhaps  wholly)  (\fler  the  period  of  the  Lower  Car- 
boniferous. 
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bk  England  and  Boheawmlao,  examples  of  di»turbuncos  between 
the  Deronian  and  Carboniferoiu  hare  been  obsenred. 
But  all  these  cueB  are  amall  exceptions  to  the  geiMMl  ftol  that 

the  Lowor  Carboniferous  and  the  underlying  rocks  aro  conformable 
alnuMt  the  whole  world  over.  The  epoch  of  transition  v/sui  not  ait 
epoch  of  general  diatnrbanee.  There  were  eztenshre  omiUatioaa 
of  level,  but  in  general  they  involved  no  violent  upturnings.  The 

''irl  'iniforous  age  opens  with  a  period  of  marine  formations,  !in<l 
ilic  hed^  accumulated,  in  most  reg^om  where  they  occur,  as  a  regu- 
larly-continued aeries. 


CARBONIFEROUS  AGK 

lliis  ige  is  divided  into  three  periods:— 
I.  The  SracARBONirEROi's  Period  (18). 
II.  The  Carbon iFiRocs  Period  (14). 
m.  The  Pimnair  Fmion  (15). 

The  CSarboniferons  age,  both  in  America  and  Europe,  commenced 

with  a  ] Tf] u'lratory  marino  ix-riofl, — tlif  Srne ariiomferoi  s  ;  had 
it«  ron>iiimnation  in  a  long  era  of  cvtciisive  continents,  covered 
with  forests  and  marsh-vegetation,  and  subject  at  long  intervals  to 
imiBdirtioiu  of  fresh  or  marine  waters,— the  C*maoMinBO«a ;  and 
^kdined  throui^  a  sacoeeding  period, — ^the  Pkrviam,  in  which  the 
marsh-vcpetation  became  les.x  o\t<'n«ive.  and  the  sea  again  pr^ 
vailed  over  portions  of  the  Carboniferous  continents. 

Amnkuai  Ooographioal  Dtatrilmtloa. 
The  rocks  of  the  CSwboniferous  age  lie  at  the  sur&ee  over  Urge 

•KM  of  North  America.   (See  map,  p.  133,  in  which  the  black 
areaH  and  those  cross-lined  or  dotted  on  a  black  ground  are  of 
litis  age.) 
A.  Tn  the  UnUed  Slale$: 

1.  (H  cr  parts  of  Rhode  Islaad  and  TifiiiiachnseW»,  between  New* 

port  and  Worcester. 

2.  Along  the  Appalachian  region  from  New  York  into  Alabama, 
and  spreading  west  over  half  of  Ohio,  and  part  of  Kentucky  and 
Tsnnessee,  and  a  Uttle  of  IGssissippL 

3.  Over  oentral  Michlgaa. 

11 
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4.  Over  much  of  IllinoiH,  and  spreading  eastward  over  part  of 
Indiana,  Koutliward  over  part  of  Kentucky,  westward  over  part  of 
Iowa,  Minnesota,  Missouri.  Kansas,  Arkansas,  and  large  portion* 
of  the  Hocky  Mountain  alope:^. 

5.  In  Texas. 

6.  About  the  summits  of  the  Rocky  Mountains,  near  several  of 
the  passes  ;  around  the  Great  Solt  Btisin  in  Utah  ;  in  the  Colorado 
basin,  New  Mexico,  and  over  some  other  parts  of  the  Pacific  slo|)e 
of  the  Rocky  Mountains. 

7.  In  nortlicrn  California. 
B.  In  (he  British  Provinces: 

1.  Over  much  of  New  Brunswick  and  part  of  Nova  Scotia. 

2.  In  the  Arctic,  over  Melville  and  other  islands  between  Grinnell 
I>and  and  Banks  Land. 

The  Coal  meiusures  cover  a  large  part  of  most  of  the  regions  here 
pointed  out,  the  rest  V>eing  occupied  by  the  iSubcarbonifei-ous  and 
Permian,  or  by  limestones  and  other  barren  beds  of  the  Carboni- 
ferous period. 

Excepting  the  areas  west  of  the  Rocky  Mountains,  the  whole 
pertain  to  three  great  regions  or  basins : — 

I.  The  Interior  f'oittiheiifal  reqion,  including  the  Appalachian  area  on 
the  east,  and  stretching  west  to  westerti  Kansas,  and  perhaps  still 
farther,  to  or  beyond  the  summit  of  the  Rocky  Mountains;  for  Car- 
boniferous rocks  probably  underlie  the  later  beds  now  at  the  surface. 
It  is  divided  into  two  parts  by  the  Lower  .Silurian  uplift  about  Cin- 
cinnati and  the  region  southwest. 

II.  The  Atlantic  border  rcyion,  including  the  New  Brunswick  and 
Nova  Scotia  region,  and  that  of  Rhode  Island, — also  divided  into 
two  parts,  a  northern  and  southern. 

III.  The  Arctic  region, 

1.  SUBCARBONIFEROUS  PERIOD  (13). 
I.  Rocks:  kinds  and  subdlvlBiona. 

In  the  ItUerior  Continental  region  the  Subcarboniferous  rocks  are 
mainly  limestones.  They  are  largely  displayed  in  Illinois,  Ken- 
tucky, Iowa,  and  Missouri,  and  in  the  last  they  have  a  thickness 
of  1200  feet.  They  also  occur  in  Arkansas  and  Texas.  In  Ten- 
nessee there  are  two  groups:  the  W<t,  siliceous  bc^is ;  the  vpper, 
limestone.  In  Michigan  there  arc  about  70  feet  of  limestone, 
resting  upon  4S0  feet  of  shales  and  sandstones.  The  great  lime- 
stone of  the  Carboniferous  age  over  parts  of  the  slopes  and  sum- 
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mite  of  the  Rocky  Mountains  is  regarded  as  belonging  mainly  to 
tbeChitwniferoas  period,  and  not  to  the  fihtbiMurboniferous. 
In  the  Ap/jalaehkM  regum  of  Fenn^Wania,  the  rocks  are  aand- 

*tonp.«  and  .•^halos,  and  are  divided  into  two  groups.  The  Lower 
consists  mainly  of  sandstones,  and  is  thickest  and  most  varied  in 
composition  in  the  vicinity  of  tlic  boutiieui^teru  anthracite  coal 
which,  at  Pottsville.  the  tbickneas  is  1800  to  2000  feet.  It 
<Bnunishes  rapidly  in  thickness  to  the  west.  The  Upper  is  composed 
mostly  of  shales.  It  attains  its  maximum  thickness  in  tlie  same 
region  »a  the  Lower,  being  3U(>U  feet  thick  on  the  Lehigh,  at  Mauch 
Chunk.  It  thins  <mt  to  the  northward^  and  heeomes  somewhat 
aleareous  to  the  southwest.  (Rogers.)  In  Virginia  the  shales 
become  still  more  calraroous,  an<l  a  preat  forma  (ion  of  Siibcarboni> 
ferous  limestone  comincnc.  s  whirli  extends  into  .Mahama. 

Going  wei»tward  from  Penn>ylvania  into  Uiiio,  the  fragmental 
depositB  diminish  in  thickness,  and  become  reduced  to  a  oom- 
psntirely  thin  group  of  arenaceous  beds. 

Tliere  are  thin  workable  seams  of  ron!  in  some  of  these  Subear- 
boniferous  beds  of  Peun-sylvania  and  Virginia,  and  also  valuable 
beds  of  e&iy  von-orv. 

(c)/af«nor  Continental  batin. — The  gabcarbonifcrous  limeatone  of  the  Mia- 
riHq»pi  TaUf   sspsdsMy  la  IHinob  sad  Iowa— is  ditrlded,  saoordluf  to  Hall, 

info  fire  distinct  jrroupy,  each  havinjc  it«  phnriipfpristio  fop'il?  ; — 
1.  Tbe  Burlington  limeatone  (6UU  feet  thick  in  Miaaouri;,  overlaid  in  Iowa  hy 

tkitr  Iwd*  (M  to  1M  ftat). 
I.  The  Keokuk  li  mestonc  (40  or  50  tVi  t  nt  Kookak). 
i.  Tbe  Warsaw  limeatons  (50  to  100  feet). 

4.  Tbe  8t  Lonit  iliMstoiio  (290  fest  thiek}i  OToriatd     fanraglaoiis  aanditoBO 

(2W  feet). 
i.  Th«  Kaakaakia  limeatone. 

He  Borlington  HnoatoBe  la  made  op  to  a  ooniidenblo  ozteat  of  CiinoMal 

lMa{D!«.  and  ha.s  afTorded  many  fine  species.  The  Warsaw  limestone  ia  aomo- 
liBM  called  tbe  LoKtr  Archtntedm  li'iiirtioHe,  from  the  rpeoiea  of  Arrhimrdttf 
wUeh  li  eommoQ  in  it  near  Wan>aw  and  elsewhere.  The  Keokuk  nnd  Warsaw 
liatiteMS  are  not  separated  in  Miasonri  l>.v  Swallow,  who  nink«-«  the  united 
ttidlBeas  in  some  placp"  200  feet  :  he  names  the  whole  the  Arfhiuie'les  lime- 
■losa  Tbe  St.  Louis  limestone  is  partly  u  brecciated  r<>ck,  but  generally  a  ligbt- 
fiaff  lno*graiiiod  Umoiloao,  and  ia  nmarkable  for  tlia  Una  apeeiee  of  Jfc/oai'le* 
f<i2.  j.lfi).  nnd  al«o  the  coral  L!th„Hir.,i;mi  Cun'hwr  ffi--.  :>?2).  The  Ka?- 
LmIur  limeatone  has  l>een  styled  the  Vpivtr  Arckimedet  limtntune :  it  contains 
■•aj  Crinida,  Mpeeialty  of  tbe  genera  Pkttfrioerinw,  Ztaeriniu,  and  SeaplUt- 
trinu.  fllall).  The  Bnrlin>rt  "i  limontone  <  \ti  nil«  two  hundred  milea  flurtbOT 
Dortb  in  tbe  Mississippi  ralley  than  tbe  succeeding  limestones. 

To  tho  MMtb,  In  KcBtoeky  and  Tanoaaieo,  the  anbdivialons  of  these  lioMitoaaa 
<«ypcar,  and  eannot  bo  well  nsdo  oat  otob  by  the  tomSH§. 
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In  Illinoi?,  the  nurlinf^on  limestone  is  underlaid  by  the  "  Kinderhook  Oroap," 
also  Subcmrboniferous,  cnnxi.tling  of  dnnd.ttiino  and  nh.-le  with  8<ime  local  bed* 
of  limcatunc,  the  whole  about  100  fc  t  thick.  (Wnrtbcn.)  In  Missouri,  the 
Chontean  and  Liihitgraphie  limntonea  arc  regarded  by  «oine  a«  e<|uivalent«  uf 
this  inferior  group  of  the  Subcarboniforuux,  rather  than  of  the  l']i]ter  Devonian 
to  which  they  have  been  referred. 

In  Tennc»i*ce,  the  lower  Subcarbonifcroni  beds  are  niliceoDii,  as  already  men- 
tioned. In  rn*r€rn  TenncB^oo  (which  borders  on  the  Appalachian  region),  thu 
lotcer  or  Silittntu  Group  con«iKl!t  of  )>hiile!<  and  nandittoncs  many  hundred  fe«t 
thick;  in  middle  Tenncifmee.  it  iit  a  Hiliccou*  rock  200  to  300  feet  thick,  more  or 
less  calcareous,  with  some  chcrty  layers,  especially  to  the  south,  and  alao  inter- 
calated beds  of  Crinoidnl  lime.«tone.  These  siliceous  beds  reach  south  into  Ala- 
bama. The  Hpptr  group  in  Tennessee,  though  mainly  limestone,  ha«  in  some 
parts  near  ittt  middle  u  band  of  sandstone  50  to  100  feet  thick. 

The  Mirhignn  ('arboniferous  area  apjiears  to  have  boon  an  independent  basin 
at  the  time  of  the  formation  of  the  rocks.  There  are  four  groups  of  strata,  ac- 
cording to  Winchell :  the  first,  or  lower,  171  feet  of  grits  and  sandstones,  which 
he  has  called  the  MnrtkttU  Grunp  ;  the  second,  123  feet  of  shalea  and  sandstonM, 
called  the  .Vo/)o/fo)i  Group,-  the  third,  184  feet  of  shales  and  marl,  with  some 
limestone  and  gypsum,  called  the  MIchujau  Snlt-<jroup  ;  the  fourth,  the  Carboni- 
ferous limestone,  A(t  feet  thick.    This  limestone  is  well  expose<l  at  Grand  Rapid*. 

In  Ohio,  the  "  Wttverly  sandstone,"  usually  referred  to  the  Upper  Devonian, 
has  been  referred  in  part  at  least  to  the  8ubcarboniferous,  and  it  probably 
corrcspomla  in  horiton  with  the  "  Marshall  Group"  of  Michigan  and  the  "  Kin- 
derhook Group"  of  Illinoia.  According  to  this  conclusion,  there  is  at  the  bate 
uf  the  Hubcarboniferous  a  series  of  fragmental  rocks  over  a  very  wide  region. 

A  Subcarboniferous  limaiitone  occurs  near  Lake  Utah,  in  lat.  40°  13'  N.,  long. 
112°  8'  W.,  containing  the  characteristic  Arckimtdt*.  It  is  an  exception  to  the 
general  fact  that  the  limestone  of  this  age  in  the  Rocky  Mountains  Wlon^s  to 
the  second  or  Carboniferous  period. 

(b.)  Appnlnrhian  rtijiou. — The  rocks  of  the  loircr  group  in  the  Appalachian 
region  directly  overlie  the  Devonian  and  Catskill  beds,  and  are,  in  the  main, 
coarse  grayish  conglomerates  and  sandstones ;  thoM  of  the  upper  group  an 
soft  shale.i  mostly  of  a  red  color. 

The  /oioer  group  ha.«  its  greatest  thickness  in  Pennsylvania  and  Virginia,  being 
2000  feet  thick  near  Pottsville.  Thr«>ugh  much  of  the  anthracite  coal  baain  it 
constitutes  the  encircling  hills,  as  around  the  Wyoming  basin,  and  in  many 
places  forms  a  grayish-white  band  over  another  of  red,  the  latter  due  to  the 
Catskill  beds, — the  two  thus  making  a  red  and  white  frame,  as  Lesley  says,  aroand 
the  valleys  or  basins.  It  thins  rapidly  to  the  westward  ;  the  rock  retains  ita 
whitish  color  and  siliceous  character  in  Virginia.  Sandstone  bed*  alternate 
with  the  conglomerate;  and  in  New  York  these  finer  layers  abound  in  ripple- 
murks,  and  that  oblique  lamination  (fig.  81  e)  which  is  due  to  contrary  currentsL 

The  shales  of  the  upper  group  are  soft,  reddish,  clayey  beds,  easily  returning, 
on  exposure,  to  mud,  the  original  condition  of  the  material.  They  alternate 
with  sandstone  layers,  especially  in  the  lower  part.  At  Towanda,  RIossburg, 
Ralston,  Lockhavcn,  Portage  Summit,  etc.,  in  upper  Pennsylvania,  the  formation 
cunaists  of  two  or  three  thick  strata  of  shale  separated  by  as  many  strata,  60  to 
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SM  feet  tliiok,  of  grMnUh  suid«tono.  (Lcslcj.)  Some  thin  Uyera  consist  of  an 
ispvro,  roagh-Iookiag  linettooe. 

This  red-shale  formation  in  3000  feet  (hi.  k  nt  the  I.phiprh,  Pchuylkill,  and  Sus- 
fMbaaaa  Riren;  but  on  oruMiug  the  Cuui  mcafures  to  the  weatwanl  it  rapidlj 
^■iiiithM  At  Broa4  Top  it  is  Ims  thn  1«M  fMt;  at  tb«  Allegbuijr  Mmmtyii, 

kanily  2i'0  ;  af  Ulairsville,  no  f»«ct :  and  beyond,  it  is  lo^t  to  vi<  w.    f  I,r-U_v.) 

Th«  soft  ahiUcii  retain  still  the  ripple-marks  from  the  ancient  wavea,  aiid  rain- 
drap  iaaprasriops  from  tho  tbowort  of  tbe  iaj,  Tho  unplilbiaa  footprinto 
de-rribdl  I  fvund  arc  fn>n»  this  foruiation. 

i»eam»of  coal  occur  in  the  Subcarboniferous  at  many  places  in  PcnnsjrlTMiiA 
tmi  Vitfinia.  In  Montgomery  CO.,  Va.,  tkoio  Is  a  layor  of  oonl,  two  to  two  aad 
a  half  feft  thick,  refiin;;  <in  a  bod  of  C(>n;;l(imi>r»(o :  and  30  to  40  feet  higher 
tktn  is  another  layer,  six  to  nine  feet  thick,  conjiislinfc  of  alternations  of  ooal 
and  slato.  Tlieso  eoal  bods  occur  in  tho  Lowtr  group,  and  are  eoverod  by 
lk«  »hales  of  tho  Upper*  In  Pennsylvania,  there  i?  a  coal  bed  (and  posi(ibly 
two)  in  the  same  Zrower  gronp  at  Tipton,  at  the  head  of  the  Juniata,  600  feet 
balov  the  Vjtyer  shales:  but,  far  as  known,  it  is  a  local  deposit  (Lesley). 
Ua  Buhearlionireroas  coal  depo.oit-t  are  suuivtiuies  called  J'nlte  etnU  Kaswrw. 

(r.)  £)iittcrH  hu,<Lr  rfifiun.-\\\  Scotin,  tlif  Subcnrboniferoos  rocks  are 

ltd  sandstonGs  ami  red  and  gnjun  luarl;),  with  thick  limestones  full  of  fossils. 
Ths  «iseiniatii  tbidtttast  la  <000  feet.  To  tbo  nortb,  towards  tbe  Asolo^  tbo  llmo* 
ttant*  fail,  and,  iiiitead,  thi-  r<K>ks  arc  to  a  prcati-r  vxti^nt  n  oonrco  ciiniildmcratc. 
To  the  »outh,  limcatuues  prevail,  llcds  of  gypsum  accompany  the  liuietitones. 
lbs  looalitiaa  of  tbaso  bods,  Montlonod  bgr  Dawson,  are  tbe  CarbonUbrons 

di>trt'-t'<  of  n»rthi-rn  rinnliorlntiil.  Pictou,  Colchester  and  Hastl^  RiohaOBd 
euBDly  and  southern  Invomess,  Victoria,  and  Cape  Breton. 

la  the  lower  part  of  tbeee  Snbearbonifbrons  lieds,  as  In  tboso  of  Virginia, 
there  arc,  on  a  small  scale, /cifvp  <  u(tl  wnimrc',  and  in  ono  instance  a  bed  of  trrct 
irtm,  andor-elays,  and  thin  coal  seams;  and  tho  same  beds  contain  numerous 
ntiuns  of  8sh. 

The  fi»h-bearing  (ihales  of  Albert  Mine  N.  w  Brunswick,  are  relbrred  to  this 
period  by  Dawson,  from  whom  tho  above  facts  are  cited.  This  nine  affords  a 
peculiar  pitch-like  or  ntpknltir  eoal,  which  has  been  regarded  by  some  investi- 
gaton  aa  a  true  coal  scam  much  altered  in  the  coufmc  of  the  viidcnt  folding  and 
aietamorphie  chanRC^  to  which  tho  rocks  of  the  region,  ns  all  ndniit,  hm  o  been 
snkjectcd ;  and  by  others  as  an  inspissated  mineral  oil  filling  a  tisi<uru  in  the  beds. 
He  eoal  Is  meBtienod  on  p.  98,  and  analyaes  are  giTon  on  tbo  following  pifa. 

la  Peus^lTania,  rvo  tpork*  may  be  diiitinguiBhed  in  the  Subcarboniferoos,— 
asady,  tho  AtUglkumy,  eorrospending  to  tbo  lo»tr  bods,  and  the  SdmjflhiU,  oor> 

reffKindini;  to  the  K/iy  r/-  hcil-.  It  i-  jirohable  that  the  twodlvislODS  in  Tcnnc?.-co 
(p.  308)  are  equivalents  of  these,  and  that  the  Alleghany  opoob  eonrospouds  to  tho 
hmtt  of  Ibo  Wostom  Snbearboaiforoaa  Mieitoae%  tiM  BndlBgton  aad  X«okiik» 
vilb  tbo  ndnfylBg  beds. 
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1.  PtanU. 


The  land-vegetation  of  the  Subcarboniferotu  period  was  veiy 
similar  to  ttmt  of  tlio  Lower  Carboniferous,  nnd  dpscriptions  of  <ih>- 
ctes  are  therclore  not  given  in  this  place,  it  may  have  been  «a 
profbse  for  the  unount  of  land,  although  the  drcumstanoea  werr 
lew  favorable  for  its  growth  and  accumulation  in  marshes, — the 
eeeential  prerequisite  for  the  formation  of  large  beds  of  ooeL 


The  animal  life  was  remarkable  for  the  great  profusion  aiid 
diyersitjr  of  Crinoida,— or  Seo-lilies,  as  they  are  sometimes  called. 
Some  of  tlie  Oinoid^ — mutilated  of  their  rny.H  or  arms,  as  is  usual 
witli  these  fragile  species — are  represented  in  figs.  51'.',  '?."».  Tlie 
pi.<!riod  might  well  be  called  the  Crinoidal  period  in  geological  his- 
tory. Among  the  kinds,  the  PenirmUea  (figs.  d30-532)  are  porhapo 
the  most  characteristic.  Instead  of  having  •  circle  of  arms,  like 
most  Crinoid.H,  the  suiiunit  is  dosed  nj)  so  as  to  look  like  a  hud 
(whence  the  name  Blubtoidca,  applied  to  the  family,  from  the  Greek 
/SBlaffroc,  a  bud)^  and  the  ddicate  jointed  tentacles  are  arranged  along 
the  psendo4unbulaoFal  areas  in  vertical  lines. 

Among  Corals,  the  nuger-sliajted  Retcpores  called  Arehimedef  an* 
characteristie.  (See  fig.  537.)  They  are  proi)erly  MoUuscan  of  the 
tribe  of  Bryozoans.  A  true  Polyp-Coral,  eminently  characteristic 
of  the  period,  is  the  LUkoHnHim  Ocmadente  [figp.  521,  522).  It  is  a 
columnar  coral,  having  a  conical  elevati<m  At  the  bottom  of  each  of 
the  cells,  and  grows  often  to  a  very  large  size. 

Besides  these,  Bracliiopods  were  numerous,  c.sp<"cialiy  of  the 
genera  Spirifer  and  Prodiietvt$,  There  were  also  many  Cephalopods 
of  the  genera  CforuaUlei  and  Nnitiltu,  and  but  few  of  tlie  Orikteenu 
family.  Trilobites  were  rare;  Selachian  and  Ganoid  fishes  voiy 
abundant. 

While  the  limestones  of  the  West  abound  in  fossils,  the  shales 

and  sandstones  of  the  Appalachian  region  have  afforded  few  of  anj 
kind,  and  tliose  mainly  <"nnchifei-s  and  fhusteropods. 

Th«'  most  interesting  arc  the  tracks  of  un  amphibian  reptile,— 
Saturopm  primamu  Lea,  the  earliest  American  species  known. 
Some  of  the  trwdcs  fifom  near  Pottsville,  Fa.,  are  repreeented  on 
fig.  549.  There  is  a  sucoossion  of  six  steps  slonga  surface  litth- 
over  five  feet  long:  each  step  is  a  dnuhlo  one,  as  tlie  liin<l-feet 
tread  nearly  in  the  impressions  of  the  fore-^',;«t.   The  print  of  the 
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fore-feet  is  sonipthing  like  that  of  a  hand  witli  five  stout  fingers, 
the  wholo  four  inrlies  broad;  that  of  t)i«-'  hind-f<^>t  is  similar,  but 
somewhat  nmallcr,  and  four-finpopMl.  The  n'plilo  was  therefore 
large;  this  is  also  evidi'ut  from  the  h-ngtli  of  thi>  .stride,  which 
was  thirteen  inches,  and  the  hreadtl»  hctwi-en  the  outi'r  edges  of 
the  footprint.'),  eiglit  inches.  There  is  also  a  distinct  impression  of 
a  tail  an  inch  or  more  wide.  The  .nhib  is  crossotl  hy  a  few  distant 
ripple-marks  (eight  or  nine  inches  apart),  which  are  partially  obli- 
terate<l  ])\  the  tread.  The  wholo  suH'ace,  including  the  footprints, 
U  covered  througlioiit  witli  min-drop  imiircHsions. 

Wc  thus  learn  that  there  existed  in  the  region  about  T'ottsville, 
at  that  time,  a  mii<l-flat  on  the  border  of  a  bo«ly  of  water  ;  that  the 
flat  had  been  swept  by  wavelets  leaving  ripple-marks;  that  the 
ripple.s  were  still  fresh  when  a  largo  amphibian  walked  across  the 
place ;  that  a  brief  shower  of  rain  followed,  dotting  with  its  drops 
di«'  half-<iried  mud  ;  that  the  waters  again  flowe«l  over  the  flat, 
making  new  deposits  of  detritus,  an<l  so  burictl  the  records. 

tharacteristic  Species. 

1.  ProtozoanB. — Although  the  clu.«s  of  Ithisnjjndt  probnMy  commenced 
ia  the  luwc(<t  Siluri»n,  the  ciirlieat  described  s|)ecie.«  from  an  American  rock  in 
the  Jtotnlia  Bniltyi  Hull,  from  the  Carboniferous  linicatone  of  Indiana. 

Sjtonget. — The  homi<touo  of  lh«  Subearboniferous"  linic.«tonfii  of  Illinoi.i 
abounds  in  microscopic  apicula  of  api)Uj;cK,  alon^  with  a  few  Deamid;)  vimilar  in 
;;cDeral  to  thoite  of  tho  Cornifcrous  limestone  (p.  271).  (M.  C.  White.) 

2.  Radiates — (<».)  Polypt.^F'iga.  521,  522.  Lithottrolion  Canadcnte  Cartel- 


Fig.  521,  Fig.  622. 


KiK*.  ('Jt,  622,  Litho*trotlon  Canadenw. 


Dean  (£.  mnmiUartof  Boroe  authors, — nmong  whom  Milno  Edwanb,  after  thus 
Baming  it,  makca  a  correction  in  m  note),  from  tho  St.  Louis  limestone. 
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(6.)  Eektnodtrmt :  Crinoid: — Fig.  630,  Penlremitei  pyri/nrmit  Fay;  figs.  531, 
ft.M2,  /'.  Godonii  De  France  (P.ftoreali;  in  part;, — both  from  tho  Kaskaakia  lime- 
■tune ;  fig.  523,  PoUn'ocrinut  AltMouritiui*  Shumard,  from  the  St.  Louis  lime- 


Figs.  633-535. 


FfK-623,  Poterlocrlnun  Mi«sourieniuii ;  624,  Actinocriniu  proboacidiall* ;  525,  A.  nniromit: 
5J0,  Zcurriniu  clef^ni;  627,  Aclinocrinna  Clirlntyi;  628,  PUtycrinui  fiaiTordl;  f>-JS.  the 
probonrli  of  Artinurrinn*  lonRlrixtrii;  530,  Pent rctnltm  pyrifonnU;  631,  532,  P.  (Joaooii 
(florealin);  633,  Arcbaeucidarij  Wortbeni;  634,  5*4  a,  A.  SLumanlana;  635,  A.  NurwoodL 


stone;  fig.  524,  Aeltnoen'nu*  proboicidiali*  H. ;  fig.  525,  A.  nuieorith  Owen  k 
Fhum&rd ;  fig.  52fl,  Zrarriuttt  fUyana  H., — this  and  the  two  preceding  from 
the  Burlington  liineiitonc;  fig.  527,  Aetinocrinua  Ckri*iyi  Hhumard,  the  armi* 
fallen  off, — from  tho  Encrinal  liraentono  of  Missouri;  fig.  529,  proboscis  of 
Artinucriutu  lont/irotln'§  H. ;  fig.  528,  Pintyrriuut  Snffordi  Troost,  side-riew, 
from  liurlingtun.  Most  of  the  above  Crinoids  have  lost  their  arms  and 
pedicels. 

Echinoid: — Fig.  533,  Arehjtocidaria  Worlheni  II.,  of  the  St.  Loois  lime- 
stone;   fig.  534,  A.  Shitmardana  U.,  of  the  Warsaw  limestone,  —  a  spine, 
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enlarge'] ;  fig.  534  a,  a  plat«  of  tho  SRine  species,  cntarged  abont  two  dia- 
metera;  fig.  535,  a  plate  of  Arekmocidarit  A'orKoodi  Ji.,  natural  size,  from 

Fig.  536. 


PalA-cehinua  (Helonite*)  innltlpon  (Y]^. 


Oiilliuc  view  uf  tbc  raitomi 


Fig.  537 


tbe  Kaakaitkia  linie!<tono;  fig.  S.ie,  Hrhnite*  mnltiporrt,  from  the  St.  Lnuis 
limectone.  half  natural  isiic,  but  crunhed ;  536  n,  an  outline,  ibowing  tho 
form  of  the  unhrnkcn  ghcU.  The  genus  Arrhnti- 
eiiinn,,  like  the  niddcrn  Ciiiariii,  ban  Urge  promi- 
orace^  on  the  plutcs  to  support  the  spines,  which 
are  also  large.  In  Mflonitro  and  PntmrrhinHn  the 
platei  arc  without  prominences,  and  the  spines 
wtre  raail.  The  Pentremitn  above  mcntione*!  occur 
through  nearly  all  tho  limestone  or  upper  group  in 
Tenne».«ee. 

3.  MollUBka. — (a.)  27ryo2o<ift«.— Fig.  537  a. 
Arthiwudtt  rcverta,  being  a  portion  of  the  spimJ 
uis  with  tbe  reticulated  expansion  removed.  Pig. 
i.17  fc,  a  portion  of  the  reticulated  espansiun  of  A. 
K'orihent,  magnified  and  showing  the  non -poriferous 
mrface.    Fig.  537  r,  the  poriferous  side  of  the  same. 

(A.)    DrnckiupodM.  —  Fig.  538,   ChoiitU*  oruala 
ShmnaKi  (nat.  size),  from  the  Lithographic  and   Fig.MTa.  ArcWn,«le.reven*; 
Chouteau  limeatones,  Misjiouri ;  538  a,  enlarged  sur-  537  6,  c,  A.  WortLenl. 
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fuce-markinf;*  of  aame ;  fig.  ^30,  Spiri/tr  biplicalw  II.,  frum  BarlinKton  and 
Quincj,  Illinoia;  fig.  540,  Orthit  ilicheliui  (var.  Burlinglonvnais  II.},  from 
tho  Burlington  limotono;    Onhit  {Sfrtpio- 

I'mbi-aculniH  (fig.  5jO);  fig.  Ml,  Sjii-  Figi.  638,  b39. 

ri/er  oetoplicatMt  ;  fig.  542,  Hp.  t/ituleittut  (i'm- 
crrhrtctui  II.) ;  fij;.  643,  littziu  Vtrntailann  11. ; 
fig.  544,  Ckonelf  varioUtta  A.  d'Orbigny ;  fig. 
544  <i,  hin:;o*linc  of  aamc,  and  apertiiro  closed 
by  a  p8«udo-doltidiiiin ;   (Ig.  545,  Productut 

pHnciuiH,  Martin  ;  olno  P.  FUmin<jli  Sowcrby,  ,  ^.  ..^  j^^,,  ci,n„rt«.  .«T,at.: 
P.  elrijant  Norwood  ft  Pratten,  Splri/tr  im-  Hpirifcr  biplicataa. 

rra—fttH»   Eichwald,   Sp.  tpinotut  Norwood 

k  Pratten,  from  the  Ka^koskia  limestone,  etc.  The  Spin/er  iutrattatH*  is  con- 
linod  in  Missouri  tu  tho  h)wcr  Archimedes  limevtonc.  Most  of  tho  other 
Itraehiopods  necur  not  only  in  tho  Subcurbuniferous  beds,  but  also  in  the  Car- 
bi>niferau8.    They  arc  common  also  in  Europe. 


Figs.  540-5 1 5. 


&40,  OrthU  MIchelinl.  mr.  Ourlingtoni>iiMH ;  MI,  Spirifcr  uctupllcfttn* :  543,  8p.  bUal- 
csIiik;  543,  Rctzln  \>rD«nitana;  644,  M4  a,  Cbouet«a  varloUla;  &t6,  Pruductui  pane- 
tnluik 

There  are  also  Oaateropodfl  of  the  genera  Plalycera*,  Straporolln;  Xatieoptin, 
PUurotomaria,  MarkiuchtUut,  Loxoutmn,  etc.  The  Cephalopodt  ar«  of  the 
genera  Ao«Ji7u«,  Oithoreraa,  Gyror^nm  (the  Oyrocerai  Burlinijlunetttim,  from 
Durlington,  Iowa,  five  inches  in  diameter),  Ooutalltet,  etc. 

4.  Artdculatea.— .\  few  Trilobitcs  of  the  genus  Philliptia. 

•'>.  Vertebrates — Fiihc$  of  the  Selachian  genera  CochUorlnt,  Cladodti; 
Orud»»,  CarchnmpttD  ( PrUtlcladodim),  etc.,  brsides  others  of  the  order  of  Ganoidi*. 
Fig.  546  is  a  t«H>th  (natural  size)  of  Cochliodu*  nobilin,  from  Illinois.    Thi?  fish  is* 
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one  of  the  Cefltraciont  sharks,  and  must  hare  been  o(  great  size,  far  exceeding 
those  reported  from  Europe.  The  corresponding  plates  of  the  C.  eonlortm  are 
given  in  fig.  547,  reduced  to  one-third  natural  size.    Fig.  648  A,  Cladodn*  ipinonu 


Fig.  M6.  Fig.  547. 


iTig.  546,  CochUodns  nobilU;  &47,  C  couturtiu  (  X 

• 


Ifewberry  k  Worthcn,  from  the  8t.  Louis  limestone,  Missouri;  n,  section  of  tht 
fig.  548  B,  Carekaropiii  WorihtHi  Newberry,  from  Iluntsville,  Ala.;  6g. 
M8  C,  Orodf  mamiliari*  N.  A  W.,  from  the  Waroaw  limestone,  Warsaw,  III. 


rig.ft4S. 


Vig.  MS  A,  Cladodos  spiDUSus:  &48  B,  Carcbiiropiii*  Wortkeni:  MH  C,  Oi-odua  iiiHniillarU. 


RtptHe: — Fig.  549,  Track.'<  of  Snuroput  ynmirriit,  one-ciphth  natural  siio, 
.  diKovered  near  Fottsvillo,  I'a.,  by  Isaac  Leo,  who  has  publiiihcd  a  nirinoir  upon 
them  in  very  larj;e  folio,  with  a  ma);nificcnt  full-size  cn;;ra%-ing  of  the  slab  with 
the  footprints. 

The  Carboniferous  limestones  of  Nova  Scntirt  and  New  Brunswick  con- 
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t^n  some  fossils  that  ally  the  Fauna  more  with  the  European  than  with 
that  of  the  Interior  Continental  basin  of  North  America.    Among  them  ar» 

Fig.  519. 


Trackn  of  Sauropuw  primwTwi  (X  Vw)- 


the  Spiri/er  glnber  (fig.  55-t)  and  Productm  Martini,  both  of  which  are  European 
species. 

m.  Oeneral  Observations. 

Oeogjaphy. — As  in  the  first  half  of  the  Upper  Silurian  tHere 
wius  a  period — the  Niagara — when  a  sea  profuse  in  life,  and  thereby 
making  limestones,  covered  a  large  part  of  the  Interior  Continental 
basin  ;  and  again  in  the  early  part  of  the  Devonian  age — the 
Upper  Uelderberg  perio<l — the  same  conditions  were  repeated; 
fto  in  the  early  Carboniferous  there  was  a  similar  clear  and  open 
mediterranean  sea,  and  limestones  were  forming  from  the  relics  of 
its  abundant  population.  In  the  period  of  the  Upper  Silurian 
referred  to,  the  living  species  were  of  a  miscellaneous  character, 
Brachiopods,  Crinoids,  anck  Corals  occurring  in  nearly  equal  pro- 
portions ;  but  in  that  of  the  Devonian,  Corals  were  greatly  predo- 
minant, and  in  that  of  the  CarVK>niferous.  Crinoids  had  as  remark- 
able a  pre-eminence.  By  an  open  sea  is  meant  one  having  free 
connection  in  some  part  with  the  ocean;  and  this  connection  must 
have  been  on  the  soutli.  towards  the  Mexican  Gulf;  for  the  arena- 
ceous deposits  of  the  wide  Appalachian  region  show  that  there  was 
not,  probably,  a  direct  opening  eastward  into  the  Atlantic.  The 
metliterranean  sea  alluded  to  was,  in  fact,  only  an  extension  north- 
ward of  the  Mexican  Gulf. 

These  interior  waters  in  the  Subenrboniferous  period  had  nar- 
rowed limits  on  the  cast ;  for  they  no  longer  spread  over  New  York, 
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and  probabty  they  hardly  passed  the  western  boundary  of  Ohio. 
The  ^aiiaii  area  atretching  Mmthweahrard  firom  Ginoinnati,  in«i^ 

tioncd  on  a  fortner  page  (p.  228),  may  have  been  a  barrier  between 
the  ea-itern  and  western  waters.  The  absence  of  the  limestone 
from  tliat  region  and  from  among  the  iSubcarbouiterous  strata  in 
eastern  Ohio  (where  it  seems  replaoed  by  sandstone)  aflbrds  strtnig 
eridenee  that  the  elevation  about  CSnctnnati  had  previously  taken 
place.  To  the  north  in  Michigan  and  south  in  Tennessee,  the 
earlier  beds  were  shales  and  sandstones, — the  former  State  being 
near  the  northern  border,  and  the  latter  in  proximity  to  the  App»> 
lachian  region.  In  Michigan  the  strata  are  SaK/emUt  and  the  con- 
dition-^ of  the  Salina  period  of  the  Upper  Silurian  in  New  York 
(p.  240)  were  probably  there  repeated.  Over  both  of  these  districts 
circumstauces  were  afterwards  changed — probably  through  a  pro- 
gresdng  subsidenee— Ihmi  those  feToring  sedimmtary  aooumulfr' 
tiona  to  those  characteridng  the  dear  Crinoidal  sea.  But  at  the 
same  time  that  Hinking  was  poing  on  in  th('->'  jnirts,  a  rising  of 
the  sea-bottom  appears  to  have  taken  place  to  tlie  northwestward 
In  Iowa,  as  Hall  has  observed;  since  after  the  formation  of  the 
Burlington  limestone,  the  succeeding  limeatone  in  the  series 
has  itHi  nnrtli<M-n  limit  200  miles  more  to  the  southward,  and  the 
others  still  farther  .south,  indicating  a  contraction  of  the  sea  from 
that  direction.  The  greatest  thickness  of  these  limestones,  more* 
orer,  is  in  Mtssonri,  where  it  amounts  to  900  feet,  or,  with  tiie  inter* 
calated  arenaceous  beds,  to  1200  feet. 

It  may  bo  again  repeated,  that  no  great  depth  of  water  was  re* 
quired  for  the  Crinoidal  .sea. 

The  Appalachian  region,  as  in  past  time,  was  one  of  extensive  ao* 
cumulations  of  conglomerates,  sandstones,  and  shales.  Nearly  6000 
feet  of  roek— five  times  the  greatest  amoimt  in  the  West — were 
formed  in  the  course  of  the  period.  The  thickness  of  the  forma- 
tions, both  in  the  East  and  West,  is  an  approximate  measure  of  the 
amount  of  sabsidence  in  each.  In  its  more  southern  part  (from 
Virginia  southward),  however,  there  were  limestones  in  progress  as 

in  the  interior  pea. 

The  Eastern  border  region  is  a  repetition  in  many  points,  though 
on  a  smaUar  scale,  of  the  more  western  portion  of  the  continent. 
The  resemblance  of  thefossibtothe  European,  nccordiug  to  Dawson, 
imyili'-i  a  more  direct  connection  through  the  Atlantic  with  the 
eatitern  continent  than  exhtted  between  Europe  and  the  Interior 
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The  Subcarboniferous  period  was  a  time  of  limestone-making 
aUo  in  Britiiin  and  Europe.  There  is  proof,  therefore,  of  a  wide 
(octenvion  of  thone  geographical  conditions  that  characterized  Ame- 
rica, that  is,  of  an  extensive  submergence  of  the  continental  lands, 

aj(  a  prelude  to  the  period  of  emergence  and  terrestrial  vegetation 
that  followed. 

The  limestone  Ls  often  called  the  "  mountain  limestone."  It 
oceurs  in  southern  England  and  Wales,  over  large  areits  in  Russia, 
in  (lormany,  Belgium,  France,  Spain,  etc.  In  Ireland  the  tliickness 
i»  stated  as  varying  between  1200  and  6400  feet.  In  the  Harti 
there  arc  slates  and  sandstones  of  the  same  age. 

Life. 

Plants. — Small  coal-se-ams  and  many  species  of  coal-plants  occur  in 
the  strata.  The  plants  are  relate<l  to  those  of  the  lower  Coal  measures, 
and  are,  for  the  most  part,  the  same  in  species.  In  some  places,  as 
in  northern  Scotland,  the  rocks  of  the  Subcarboniferous  and  Car- 
lioniferous  periods  so  run  together,  by  the  intercalations  of  lime- 
rttones  with  the  latter,  that  they  have  not  yet  been  well  distin- 
guished. The  plants  are  further  considered  under  the  Carbonife- 
rous period. 

Animals. — ^The  "mountain  limestone,"  like  the  American  beds, 
is  noted  for  its  Crinoids;  its  Brachiopods  of  the  genera  Productus  and 
Spirifer;  its  Corals  of  the  genus  LUhostrodon  :  its  Ganoid  Fishes  and 
.Sharks ;  its  few  Reptilian  relics ;  and  abo  for  the  absence  of  Trilo- 
bitos  of  all  the  old  genera. 

Charaeteristie  Spfeies. 
The  following  are  a  few  of  ils  characteristic  species.    Fig.  550,  Streptorh^uekM 
(formerly OrfAia)  UMbracuUm  (common  in  the  American  Carbon ifervu*) ;  fig.  651, 


Pigs.  550-552. 


flf.  860,  Strcptorhjrnchni  Umbraculnm;       AthyriK  Umellosa;  &52,  TeirbrataU  tuuUta. 


AlKyria  (Spirigera)  lamello»a  ;  fig.  552,  Ttrebt-atnlu  ktiHatn',  fig.  553,  Productu* 
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lonffitpxKU*  ;  fig.  554,  Spirifrr glnhrr.  Spiriftr  tjtfciomiit  and  Chonritt  Da(tunniaH<t 
are  common  specie!.  I'Uttmtomann  eartuata  retains  its  original  colored  markingi:, 
a«  first  observed  by  the  lato  Professor  Forbes;  and  this  author  hence  inferred  lliut 

Figs.  553-555. 


'^2 


fi$.m,  Prodnctnslongl«t>inaa;  5M,!i|iiiil<Ti:trtl»-i  :  ,'..'>.%,  Niiiililii!iiTr<-m»tiMliiirii«)  K<<uiiirkii. 

it  was  a  shallow-water  species,  as  only  such  have  shells  figured  with  c(dur;<. 
Fig.  555.  ynutiluii  (  TrtmalndUeHm)  Kniiiurkll. 

Trilobites  occur  of  the  only  thrw  riirl»oniferou!«  ;;enern.  Phit- 
lip*in,  Griffithidf,  aud  /Iracliyinrlnjtiit.  Fig.  bSd  \a  Phiffiffiu 
•rmimi/tra. 

Remains  of  fishes  are  very  common  in  Europe  and  Itritain. 
AmoBg  Ccstracionis  (or  sharks  with  paveuiciit-teeth)  there  are 
'Wi/i'of/u*  eoufnrtui  (fig.  5-17):  among  llyixidonl.t  (or  f^hurkM 
with  regular  teeth,  the  teeth  with  obtuse  or  rounded  edges)  there 
ii>  the  CladtuiKi)  mitrgiiinlu*.  V\^.  557  represent!*  u  i»miill  xpf- 
rimen  of  one  of  the  ^jrent  fish-spines  of  this  peritxl,  cillcd  f'lr- 
DfiranthKi  mnjor  by  Aga^siz.  One  specimen  has  a  length  <'f 
ffnrltm  nnri  n  half  inrhm,  and  mn*  probably  eighteen  inchfi*  in 
the  tiring  Cestraciont.  The  old  Qshcs,  as  Agaesiz  observes,  must 
bare  bad  gigantic  dimensions,  if  wc  may  judge  from  the  sixe 
of  the  spine.". 

Fi;;.  .'i.'iT. 


I'lllllili->li«  »C-Mli- 
lllfem. 


Part  of  a  opine  of  Ctcnacautbns  mi^or. 


Another  spine,  Or<*c»ntku*  MilUri,  Agassiz,  is  nine  and  a  half  inches  long  and 
!bre«  inchea  wide  at  base,  and  yet  it  has  lost  some  inches  at  its  e.xtremitie::.  These 
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ipeoiaieiis,  and  namerous  other  remaiiu  of  flahen,  arc  found  in  a  fish-bone  b«d  ta 
the  mountain  liiuc«>tune  ut  Rri.ttol,  Rnj^land,  and  ul.to  in  the  same  rock  at  Armagh, 
Ireland.  The  liritiah  and  Eurupean  species,  although  numerous  and  often  large, 
do  aot  Mweed  ia  dtlier  rwpwst  those  which  hare  been  alraadj  tOmad  in  ooa- 
moHm  with  tiM  8aboMboniforaDB  beds  «f  the  Unitfld  8Ut«k 


DI8TUBBA2VCEB  PBBCEDING  THE  CARBONIFEROUS 

F£RIOD. 

It  was  remarked  on  page  305  that  the  Devonian  beds  are  very 
generally  conformiihle  with  the  8ubcarl>oniforous,  and  therefore 
aflford  in  but  few  places  indications  ol  upUlu  butore  the  Suboar- 
boniferooB  period  and  Its  fbrmationB  began.  There  b  the  same  oon- 
formabili^  tog  the  mcwt  part  between  the  Carboniferotu  and  Sub- 
carbo n i fo rous ;  yet  the  examples  of  the  absence  of  it  are  more 
numerous,  and  cover  tiome  wide  regions.  Through  the  investiga- 
tions of  Norwood,  Daniels,  Foster,  and  Hall,  it  b  now  known  that 
the  Coal  measnres  of  Iowa*  Missouri,  and  Illinob  rest  uneonfonn- 
ably  upon  the  stnita  beneath,  and  Hall  observes  "  that  this  is  so 
whether  these  strata  be  the  Subcarboniferous,  Devonian,  Upper 
Silurian,  or  Lower  Silurian.''  The  want  of  oonformability  i»  very 
distinct  in  oertain  pMis,  and  bat  aliglit  in  otheis;  and  in  some  eaaw 
it  is  apparent  only  in  the  marks  of  extensive  sui^ace-denudalion 
which  took  place  at  some  time  preceding  the  Coal  period. 

In  the  annexed  sections,  the  coal  beds  rest  on  tilted  Silurian 
•trata.  Fig.  558  b  a  section  in  northern  Illinob.  The  Goal  oaea^ 
rares  here  overlie  the  Lower  Silurian;  a,  cekiferoui  Modrook ;  ^ 


nf.»68. 


•St.  Peter's  sandstone  (Chazy?) ;  c,  Trenton  and  Galena  limestone  ;  </, 
Goal  measures.  (J.  W.  Foster.)  Fig.  558  A  was  taken  at  Port  Biron. 
Rook  Mand  eo.,  Illinois,  and  ahowa  the  Goal  meaanree  A,  resUng 
Minoonformably  on  the  Niagara  lime- 
stone B.  (Worthen.)  In  this  region. 
the  8trike  of  the  uplift  is  parallel  to 
the  ooorse  of  the  Rocky  Mountains, 
or  nearly  northwest.  A  portion  of 
these  uplifts  directly  precedt'd  the  Coal  period.  But  others  may  l>e 
of  earlier  date;  for  where  tlie  tilted  rocks  underneath  are  Silu- 
rian or  Devonian  inatead  of  Sttbearixmiferooa,  it  b  not  yet  eertain 
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At  what  epoch  the  disturbance  took  place ;  and  it  may  have  long 
preceded  the  Carboniferous  age.   More  iiiTestigatioii  is  raqiiuied  to 

fix  the  date. 

Xo  example  of  Carboniferous  beds  lying  unoonformahly  on  tilted 
Subcarboniferous  bed.s  has  yet  been  observed  in  PennajWaiUA,  Vir- 
ginia, or  New  Brum  wick. 

In  Oreat  Britein,  Ruaila,  uid  the  most  of  Europe,  the  Garbonife- 
rousand  Subcarboniferous  beds,  when  occurring  togetlier,  are  oon- 
fonnable.  But  in  central  and  soutliern  Frnnre.  us  Mmchison  says, 
the  two  are  alwcoft  uneof^ormabU.  In  Bavaria,  ai»o,  at  Jiol,  tlie  6ub- 
carboniferous  limestones  and  Devonian  follow  one  another  regularly, 
though  inclined  together  ai  » large  angle;  while  the  coal  fields  of 
Bohemia  lie  in  horiaontal  strata  over  their  tilted  edges. 

2.  CA&BOMIF£BOUS  P£BIOD  (14). 
BrocBs^l.  Epoch  of  the  Millstone  grit;  2.  Epoch  of  the  Coal 

1.  EPOCH  OF  THE  MILLSTONE  GBIT  (14  a). 

I.  Rocks :  Unda  and  distribution. 

The  CsriMMiiferous  period  opened  with  a  marked  change  over  the 
continent.    The  Subcarhoniferoos  limestones  and  shales  which 

wore  formed  upon  thf  suV)!nf'rj:er|  latid  beonme  covered  with  ex- 
tensive gravel  or  [wbhle  b«  <ls,  or  dej)or4it8  of  sand  ;  the  l>e<l.s  of  that 
t\}och,  hardened  into  a  gritty  rock,  make  up  the  milli>tone  grit  and 
nnditoae  which  underlie  the  Coal  measures. 

Similar  conglomerates  and  sandstones  were  formed  aflerwarda  in 
the  course  of  the  Coal  measures;  but  tliis  rock  is  prominent  for  its 
extent,  and  for  marking  the  commencement  of  the  Coal  era. 

The  Coal  period  in  Britain  has  in  general  tike  same  kind  of  intto* 
Auction :  the  term  MUUtone  grit  applied  to  the  rock  comes  to  us 
from  Eri<!land, 

Tlii.H  Millstone  grit  ext«'nd.s  over  jmrts  of  some  of  the  Boutliern 
counties  of  New  York,  with  a  thicknes-s  of  25  to  (iU  feet ;  and,  owing 
lothe  regularity  of  the  joints,  it  stands  out  in  huge  blocks,  walls, 
'nd  square  structures,  that  have  suggested  such  names  as  "  Rock 
^'"y"  and  "Ruined  City"  (Cattaraupu-*  rntd  AH. -any  coh.).  It 
<>ccurs  through  all  the  Coal  areas  of  Fennsylvunia,  both  the  eaHtern 
*n4 western;  it  is  from  IQQO  to  ISOOfeet  thick  about  the  centre 
^  the  anthracite  r^on,  and  diminishes  rapidly  to  the  westward. 
It  atietches  aouthwestward  through  Virginia  to  Alabama. 

IS 
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West  of  the  Appalachian  region,  the  rock  is  in  part  a  pebbly 
sandstone,  but  often  only  a  tine-grained,  arenaceous  rock  ;  and  from 
Rome  ])ortions  of  the  Mississippi  basin  it  is  absent. 

Thin  bedti  of  coal  occur  in  these  conglomerates,  and  in  certain 
localities  they  are  of  workable  extent. 

(a.)  lulerior  CiiutiHtHinl  bntin. —  In  Ohii>,  Indiana,  and  Illinois,  there  are  40  to 
100  feet  of  pebbly  ^and!■t<.)nc ;  in  ca>tcrn  Kentucky,  a  Bondetone,  which  is  50 
feet  thick  on  the  Ohio  and  250  on  the  borders  of  Tennessee;  in  western  Ken- 
tucky, a  ongloineratc,  called  the  Ca^cyvillo  con)!:lomcrutc.  It  is  probalde  that 
thefc  congb>Micrnton  ond  ii«nd,Htiinei«,  referred  to  the  beKinning  of  the  Coal  tnca- 
fure.",  belong  t»  this  initial  epoch  of  the  |>eriod.  In  Arkan»a#,  the  mtrnculitt 
used  extensively  for  hone?,  and  also  great  numberi  of  quarts  crystals,  occur 
in  bcdD  referred  to  this  epoch. 

(t )  Afi/Mtlarkinu  rtgi'in. — The  grit  in  Pennsylvania  is  mostly  a  whitish  sili- 
eeous  cangliimorate,  with  si>nic  nandi^tone  laycr.i  nn<l  a  few  thin  beds  of  carbona- 
ceous xhulo:  it  ovcrlic:!  (he  Subcarbonifcruus  hhulc  or  Bandstuiie.  At  Taniuqu:!. 
the  thickneits  in  1400  feet;  at  IVittuville,  lOOUfeet;  in  the  Wilkcsbnrro  rc|;iun. 
200  to  :tO0  feet ;  at  Towanda,  lilogsburg,  etc.,  where  it  cap?  the  mountains,  it  is 
50  to  100  feet  thick.  (11.  D.  Roger:-.) 

In  Virginia,  the  thicknesii  \»  in  places  nearly  1000  feet:  the  rock  is  mainly  a 
«indi<tone,  but  contains  liea>  y  bcdii  of  oongl><merate.  The  conglomerate  i>f  the 
Subearbuniferous,  in  a  similar  innnncr,  becomes  on  arcniiccoua  rock  in  Viririnia. 
In  Alabama,  the  rock  ia  a  quartzoso  grit  of  great  thickness:  it  is  u-ted  for  mill- 
atones. 

(<•.)  Enileni  border  region. — In  the  Nova  .'^cotia  and  New  Brunswick  Coal  ref^inn. 
a  milbtono  grit  has  been  observed  in  the  Carboniferous  dirtrict  of  northern 
Inverne.ns  and  Victoria  ;  but  only  ■and'^tonc!*  overlying  gypsiferout  rocke  in 
Pictuu  CO.,  and  sbalot  and  ^andittones  at  the  Joggins. 

2.  EPOril  OF  THE  a)AL  MEASURES  (146). 

I.  Distribution  of  the  Coal  Areas. 

The  Carboniferous  areas  of  North  America  have  been  pointed  out 
on  p.  305.  The  regions  corresponding  to  the  Coal  perio<l  (black 
areas  on  the  map,  p.  133)  ore — 

1.  The  great  Appalachian  coal  field,  covering  parts  of  Pennsylvania, 
Ohio,  Virginia,  eastern  Kentucky,  eastern  Tennessee,  and  Alabama. 
The  workable  area  is  estimated  at  00,000  square  miles.  The  wliol«- 
thickness  of  the  formation  is  2500  or  3000  feet:  aggregate  thick- 
ness of  the  included  coal  beds,  over  120  feet  in  the  Pottsville  an<l 
Tama<iu:i  valley,  about  02  feet  near  Wilkesbarre,  25}  feet  at  Pitts- 
burg. Tlie  area  is  partly  broken  up  into  patches  in  Pennsylvania, 
as  shown  in  the  following  map.  In  the  centre  of  the  State,  betwoon 
Pottsville  and  Wyoming,  are  the  famous  anthracite  beds,  divide<l 
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inlo  many  distinct  patches :  and  in  the  western  part  commence}) 
the  grt^at  biluniinous  coal  field  which  spreads  into  Ohio  and  stretched 
on  south  to  Alabama. 

2.  The  lUinois  and  .IfLssouri,  covering  a  very  considerable  part  of 
Illinois,  part  of  Indiana  and  Kentucky,  and,  west  of  the  Missift- 
»ippi,  portions  of  Iowa,  Missouri.  Kansa.s,  and  Arkansas.  Eati- 
mated  nrea,  60,000  square  miles.  W}iole  thickness  of  the  formation, 
in  Missouri,  600  to  1000  feet ;  in  western  Kentucky,  nearly  3300  feet, 
—with  about  70  feet  for  the  aggregate  thickness  of  the  coal  beds. 


3.  The  Michigan,  situated  about  the  centre  of  the  peninsula. 
£s!timated  area,  about  5000  square  miles.    Whole  thickness  of  the 
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formation.  123  feet ;  rests  upon  a  sandstone,  probably  of  the  Mill- 
atone  grit  epoch,  which  is  105  feet  thick. 

4.  The  Tcxat,  covering  several  of  the  northern  and  northwestern 
counties. 

5.  The  Rho^le  Island,  lying  between  Providence  and  Worcester 
in  Massachusetts,  and  opened  at  Cumberland  north  of  Providence, 
at  Portsmouth  23  miles  south,  and  also  showing  thin  seams  at 
Newport  and  elsewhere ;  in  Massachusetts,  out<  ropping  at  Mans- 
field 15  miles  northeast  of  Providence,  at  Wrentham  5  miles 
from  Mansfield,  and  at  Worcester.    Estimated  area,  1000  square 


6.  The  New  Brunswiek,  covering  part  of  New  Brunswick,  Nova 
Scotia,  Prince  Edward's  Island,  and  Newfoundland.  Estimated 
area,  18,000  square  miles.  Whole  thickness  of  the  formation  at  the 
Joggins,  including  the  beds  of  the  Millstone-grit  epoch,  14,570 
feet :  the  number  of  included  coal  beds  b  76,  some  of  them  being 
very  thin,  and  the  aggregate  thickness  45  feet.  (Logan.)  These 
coal  beds  are  situated  in  a  part  of  the  Coal  meanures,  2819  feet 
thick,  near  the  middle  of  the  series.  At  Pictou  there  are  six  beds 
of  coal,  with  an  aggregate  thickness  of  80  feet.  (Dawson.) 

The  total  number  of  square  miles  of  all  the  productive  coal  fields 
of  the  United  States  is  125,000. 

Besides  the  above,  there  is  the  Arctic  Coal  region,  which  has  been 
observed  on  Melville  and  Bathurst  Islands,  Banks  Land,  etc.,  and 
the  Rocky  Moutiiaim,  both  of  which  are  yet  unexplored. 

Limestones  of  the  CarboDiforous  period — formerlj  rapposod  to  be  Subcarboni- 
f^.rttiiii — have  a  wide  distribution  over  the  summit  and  both  the  caxtem  and 
WL-«tern  slopes  of  the  mountains.  This  limestone  has  been  observed  at  the 
niiick  Hills  in  Dakota,  and  the  Laramie  Range ;  about  the  head-waters  of  the 
Missouri;  at  the  South  Pains  of  the  R<»ckj  Mountains;  in  the  ranges  south  of 
Pike's  Peak,  and  oast  and  west  of  Santa  T6,  New  Mexico ;  in  the  gntit  basin 
of  the  Coloradn ;  nnd  it  probably  underlies  to  a  considerable  extent  the  Me4&- 
loio  rock^  of  the  Buckj  Moontain  slopes  west  of  the  MiasissippL 


1.  Kinds  of  rocks,  and  stratification. — The  Coal  measures  include  stra- 
tified rocks  of  nil  kinds, — sandstones,  conglomerates,  shale«,  shaly 
wmdstones,  limestones ;  an«l  the  limestones  are  generally  impure, 
or  magnesiun.  There  is  the  same  wide  diversity  that  occurs  in  the 
Devonian,  with  more  numerous  and  rapid  transitions  than  were 
common  in  that  age.  Moreover,  the  rocks  diflFer  much  in  diflTerent 
regions. 

The  Coal  beds  aio  additional  layers  in  the  series,  interstratified 
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with  the  shales,  sandstones,  conglomerates,  and  limestones.  But 
they  are  thin,  compared  with  the  accumulation  of  rock-strata. 
The  Gbftl  meaniMB  oootain,  generally,  50  fibet  or  m«re  of  beds  of 
10^  to  one  foot  of  coal. 

Iron-ore  bed<«  also  ocrtir,  making  other  thin  layers  in  the  series, 
ttd  rendering  the  Coal  regions  the  best  iron  regions  of  the  globe. . 

HtfcBpwiBg  mMam  h  tm  wwple  of  tt>  ■MmbiIIbm  (ta^aalng  lMloir)>-- 
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I  COAL,  upper  4  feet  thtXt,  with  foiuiil  plants,  and  below 
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U.  LiMC8T0?»E  (oolitic),  containinf;  Prodncti,  Crtnoid*,  etc  
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u 

<l 

U 

41 

Coarse  landstone  13 


The  alternations  are  tfaniB  Tarioiis,  and  may  follow  any  order. 

Trif  sha]o<,  sandstones,  conglomerates,  and  limestones  resemble 
ihe  corresiponding  rocks  of  other  jieriods,  and  th^  are  distinffuishfd 
u  kbi^mff  to  tMM  <W  mmturea  only  by  ike  fossil  plmta  «r  wnmtd  rdwt 
^mof/  emtain.  Disastrous  emm  are  often  made  when  this  mle  is 

not  regard«'<l. 

The  beds,  even  when  thick,  whether  of  coal  or  of  any  of  the 
radn  mentioned,  have  in  some  districts  a  limited  lateral  extent; 
yet  in  thb  respect  the  CoA  measnraa  iMkie  little  ftom  earlier  formic 

(MMIS.  Some  of  the  Inr^'or  hods  of  coal  are  supposed  tO  Spread  COD* 
tbnoosly  orer  many  thousand  square  miles  of  area. 

In  connection  with  the  Tonl  monyures  of  Rhndo  Island  thoro  arc  cxtcnfivp 
of  qoartsose  cunglomerate,  which  outcrop  at  Viewport  and  clMwhcre,  and 
fcra  s  beld  fcstare  in  the  IndMspe  at  **  Purgatory,'*  ih  wXitm  «aat  of  Newport. 
T>ipr  f»rcnr  nlj")  in  Masxachnjctt.'",  between  this  rcpinn  and  Bi)'-t'iri,  shnwinj: 
■eU  about  Roxbory.  The  exact  position  of  the  beds  in  tho  series  is  not 
ksMiB,  M  Um  lodn  Imvo  mdrntcone  frnst  dMwlNUiee,  sad  la  some  plsMi  to 
■ach  metamorphism  that  tho  cementing;  lu.'iterial  ia  a  talcoso  schist.  At  Taun- 
ton, Maa,  iU  pebbles  have  occasionally  been  found  to  contain  Liagnl*  of  the 
J^rtiw  nadflOBS  {Limgida  prima),  proving  that  they  are  pebUss  of  lUs 
■MdU  mk;  Vat  wfcwM  dwivod  aaknovB. 
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Besides  the  rocks  mentioned,  ft  buhrstone  occurs  in  beds  several 
feet  thick,  in  Ohio.  It  Is  a  cellular,  flinty,  siliceous  rock,  valued 
highly  for  millstones. 

The  limestones  are  more  extensive  in  the  Coal  measures  of  the 
Mis»issi|>]ii  basin  than  in  those  of  Pennsylvania  an<l  V'irpnia: 
while,  on  tlie  contrary,  conglomerates  are  much  less  common  in 
the  Went.  This  accords  with  the  fact,  learned  from  the  earlier 
ages,  that  the  Appalachian  region  is  noted  for  its  conglomerates 
and  sundsUines,  and  the  Interior  bu'^in  for  limestones. 

In  Wiiyno  CO.,  in  western  Pcnoiijlrania,  there  are  80  feet  of  limestone  in  350 
foot  of  Cool  men^iircM ;  nnd  near  Wheeling,  on  the  Ohio,  twice  this  tbicknes*  of 
limestone.  In  Mixsouri.  there  ore  150  feet  or  more  of  the  former  to  6bO  of  the 
latter.  In  the  lower  150  feet  of  the  Minxouri  section  there  are,  however,  but 
8  feet  of  lime.'ttDne,  und  in  V>00  feet  uf  the  Lower  Carboniferous  in  wei^tem  Ken- 
tucky, only  10  feet.  The  lime.ttone.t  included  amonj;  the  strata  afipear  often  to 
bnve  a  limited  lulcral  range,  instead  of  the  uniformity  over  extended  arcM 
common  in  earlier  periods. 

The  rock  underlying  a  coal  bed  may  bo  of  either  of  the  kinds 
mentioned ;  but  usually  it  is  a  clayey  layer  (or  bed  of  finer  clay) 
which  is  called  the  undcr-clay.  This  under-clay  generally  contains 
fossil  plants,  and  esjiecially  the  roots  of  Carboniferous  plants  called 
Hfigmaria,  ond  it  is  regarded  (as  first  shown  by  Logan)  as  the  old 
dirt-bed  in  which  the  plants  grew  that  commenced  to  form  the 
coal  bed.  In  some  coses  trunks  of  trees  rise  fi-om  it,  penetrating 
the  coal  layer  und  rock  above  it. 

The  Nova  Scotia  Coal  region  ^abounds  in  erect  trunks,  .stand- 
ing on  their  old  dirt-beds,  as  illustrated  in  fig.  000  (by  Dawson). 

Fig.  560. 


1   —                                                                       -  -  - J  -  I  j  -  .  i  .  Ll.l-  . 

Srrllon  of  Coal  Mooaurcv  at  tlip  Jof;;^*,  Norit  Si'otin  (with  <>rrct  stumps  in  the  oaaiiatoiw. 

aud  rootlets  in  the  aoder^Uys). 


Koch  of  the  76  coal  seams  at  the  Joggins  has  its  darker  clayey 
layer,  or  dirt-bed,  beneath.    In  1-5  of  them  there  is  only  a  trace  of 
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mtl ;  bat  theM»  m  well  as  the  rest,  oontun  FemAiiM  of  mots  (ift£^ 
maria),  and  often  tapport  still  the  old  stumps.  (Dawson.) 

The  rm  k  capping  a  coal  bed  may  bo  of  any  kind,  for  the  rocks 
Are  the  result  of  whatever  circumstances  succeeded  -,  but  it  ia 
oommon  to  find  great  nnmben  of  fossil  plants  and  fragments  of 
trees  in  the  first  stratum. 

The  sh:dy  beds  often  contain  the  ancient  ferns  spread  out  between 
the  lujers  with  all  the  pcrlcction  they  would  have  in  an  licilia- 
riiun,  and  so  abundantly  that,  however  thin  the  shale  be  Hplit,  it 
opens  to  view  new  impressions  of  phints.  In  the  sandstone  layers, 
broken  trunks  of  tree>i  sometimes  lie  scattered  through  the  beds. 
Some  of  the  lops  in  the  Ohij  Coal  measures,  described  by  I>r.  Hil« 
dreth,  are  oO  or  00  feet  lon^  and  3  feet  in  diameter. 

The  thickness  of  the  coal  beds  at  times  hardly  exceeds  that  of 
paper,  and  again  is  from  30  to  40  feet.  The  beds  also  vary  in  purity, 
from  coal  witli  but  1  per  cent,  of  earthy  matter,  to  dnrk-cdlon-d 
■hales  with  only  a  trace  of  coal.  The  thicknesi^  is  seldom  over  8 
fcet,  and  the  impurities  ordinarily  constitute  from  7  to  15  per  cent. 

Tbe  Pittsburg  seam,  at  Pittsburg,  Pa.,  is  8  feet  thick.  It  Ixwders 
the  Honongahcla  for  a  long  distance,  the  black  horiaCMltal  band 
Wng  a  conspicuous  object  in  tlie  hiph  sliores.  It  may  be  traced, 
according  to  Rogers,  into  Virginia  and  Ohio  over  an  area  at  least 
SSS miles  by  100;  and  even  into  Kentucky,  according  to  Lesquereux. 
But  it  vories  in  thickness,  being  12  to  14  feet  in  the  Cumberland 
basin.  6  feet  at  Wlu'ding.  !">  at  Atlicns,  Ohio,  and  on  the  Great 
Ksnawha;  farther  Kouth,  at  the  Quyandotte,  2  to  3  feet. 

The  ^'ICumnoth  Vein,"  as  it  is  called,  which  is  exposed  to  Tiew 
tt  Unikcsbarre,  Pa.,  is  29^  feet  thick.  It  is  nearly  pure  through- 
out, .ilthnugh  there  arc  some  blacfc  shaly  layers  1  to  12  inches 
thick.  The  same  great  bed  is  worked  at  Carbonrlab-.  Heaver  Mea* 
ilows,  Hauch  Chunk,  Taniaqua,  Mincrsvillc,  Sluimukin,  etc. 

Al  Plot^BO,  in  Nova  Scotia,  one  of  the  coal  beds  has  the  extra- 
ordinary thidcnes-s  of       feet,  and  a  second  22\  feet. 

2.  Stntrhtre  of  th.'  ('-.  i'. — A  bed  of  coal,  even  when  purest,  consistj* 
of  distinct  layers.  The  layers  are  not  usually  separable,  unless  the 
eoeiri^  quite  impure  from  the  presence  of  clay;  but  they  are 
KtiU  distinct  in  alternating  shades  of  black,  and  may  be  seen  in 
:  Imost  any  band  si)ecinien  of  the  lianlest  anthracite,  forming  a 
delicate,  though  faint,  banding  of  tlie  coal. 

tn  much  of  the  bituminous  coal  of  the  Mississippi  basin  a  cross- 
ftietnre  shows  it  to  be  made  up  of  alternate  lamlnsB  of  black, 
dtiiiing,  compact  bituminous  coal,  and  a  noft,  pulverulent  car* 
bouaoeous  matter,  much  like  common  charcoal. 
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The  coal  itwelf  varies  much  in  character.  In  some  regions,  as  in 
the  Schuylkill  (at  Pottsville,  Mauch  Chunk,  etc.)  and  WiHcesbarre 
coal  fields,  at  Peak  Mountain,  in  Virginia,  and  in  Rhode  Island, 
it  is  of  the  kind  called  AnthraeiU  (see  page  68),  which  is  non-bitu- 
minous, and  burns  with  very  little  bluish  flame.  At  Pittsburg,  and 
through  nearly  all  of  the  Appalachian  coal  field,  and  in  the  other 
coal  areas  of  North  America,  it  is  Bituminous  coal,  which  burns 
reodily  with  a  bright-yellow  flame. 

The  bituminous  ooal  is  either  the  ordinary  brittle  kind,  break- 
ing into  lustrous  angular  pieces,  or  the  compact  Cannel  coal^  dis- 
tinguished by  its  firmness,  slight  lustre,  conchoidal  fracture,  and 
the  absence  of  any  laminut<'<l  structure.  Cannel  coal  often  gra- 
duates into  ordinary  bituminous  coal. 

In  many  places  there  are  vegetable  remains  in  tlie  coal  itself, 
such  as  impressions  of  the  stems  of  trees,  or  leave.**,  or  charcoal- 
like  fragments  which  in  texture  resemble  charcoal  from  modem 
wood.  Fig.  561  a  represents  a  specimen  of  this  kind  from  Tuj*ca- 
loosa,  Ala.,  as  figured  by  BunburA' :  it  has  a  fibrous  appearance  to 
the  naked  eye,  but  under  a  i>ocket-lena  shows  rectangular  meshes 
over  the  whole  (fig.  561  6),  like  the  structure  of  the  leaves  of  some 
water-plants. 

Even  the  solid  anthracite  has  been  made  to  divulge  its  vegetable 
tissues.    On  examining  a  piece  partly  burnt,  Professor  Bailey 

Fig.  Fig.  562. 


a  a 


found  that  it  was  made  up  of  carbonized  vegetable  fibres.  The 
annexed  figures  562  a,  b,  e,  are  from  his  paper  on  this  subject.  Ho 
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•etoeted  specimens  which  were  imperfectly  hurnt  (like  fig.  562  a)p 
Mid  exunined  the  mrlboe  jiut  on  the  bordim  of  the  blaek  portion. 

Fig.  562 6  represents  a  number  of  ducts  thus  brought  to  light,  as 
the}'  appeared  when  moderately  magnified,  and  fig.  5(52  c  two  of  the 
ducts  more  enlarged ;  the  black  lincH  being  the  coul  that  remained 
•Her  the  partial  burning,  and  the  light  spaoeii  tiHea.  The  ducts 
were  ^'gth  of  »  niUllnietre  (about  four-thousaiuUlis  of  an  imh) 
l»mail.  Nr>  St  ronger  evidence  could  be  had  of  the  vegetable  origin 
of  anthraoite  t-oal. 

Pyrites  (sulphurctof  iron,  page  64)  is  sometimes  disseminated 
throu^  coal  beds  in  nodules  or  seanu,  to  the  serious  ii^ury  of  the 
o>al.  Such  coal  crumbles  down  on  exposure  to  tlie  air,  and  gives 
forth  sulphur  fumes  when  burnt.  Even  the  Ix  -t  of  miiu  nil  roal 
contains  traces  of  pyrites ;  and  to  tliiti  is  uwiug  tiiu  bulphur  bmcil 
oidinarily  perceived  from  ooal  fires. 

Jb  Inuhortt. — ^Th*  IroB-ors  Iwds  vn  vraally  from  •  ftw  Iilebit  to  S  sr  4  fttt  In 
IhickiiMa.  They  coBtsin  the  ore  in  conpu  tionnrr  mai<<««  or  plstctof  a  stonj 
sqwet.  Tbe  moat  common  but  not  nioft  valuable  kind  haa  a  grajriah-blos 
and  dr«b  eolor  on  a  fresh  8arfac<>  of  fracture,  and  difTers  from  limcs>tnnc  in  being 
ttnu.-ually  heavy:  this  ore,  culled  r/ny-tronatoac,  is  an  impure  fputLic  iron  or 
cknlyiite  (p.  63).  Another  vnrirty  "f  imnnt-nir  '\*  nn  impure  himaiiir  (p.  fiS), 
affording  a  red  powder.  Still  anuthcr  kind  is  an  impure  limonitt  (p.  db),  having 
Sfeidisli-brewBor  ydlowUb'brown  eolor  and  affording  a  browniah^yellow  pow- 
der: beds  of  this  raricty  are  few,  but  widely  extended.  fhi<  k,  and  valualilc 

4.  t/{pcr  and  Lower  Coal  Mtaturt: — The  Coal  neasuros  are  sometimes  divided 
hto  tha  Uppnr  and  Lowor  Coil  isesfiirM.  The  moat  ooovenlmit  dlvMon  It 
«b«)ve  the  "Mammnth  >>cd"  nf  Pcnn«_vl'.  ;itii:i. — as  there  i?  a  marlccd  chan;»e  in 
the  flora  from  tbifl  point.  It  ha«  been  proposed  to  maiio  the  Mahoning  sand* 
Mom  the  dlrldlng  bod,  above  the  Vpper  Freeport  ooal  bed,  whieh  !•  the  third 
abcivc  the  >io-ciillcd  Mniumi>th  bed  in  tbe  Pciiii- \ Ivanla  nrlcs.  Aiinllicr  great 
ludrtone  Stratum,  called  the  Anvil  Rook,  occurs  in  KcBtaeky^  above  the  twelfth 
Coft!  bed  In  tbe  Kentneky  eeriee;  and  thii  bee  also  been  made  a  dividing 
itratam  in  the  measures.  There  nothing  in  the  fogaila  tbat  nnden  tba  ntb* 
divi-iion  at  these  places  of  geological  importance.  (Lesqaereaz.) 

Thu  great  Anthracite  region  of  Pennsylvania  if  largely  Lower  CaHwntferoni. 
The  Upper  Cerbonifcroas  is  present  there  (at  Pottsville,  Sbamokin,  and  Wllkea* 
kerrc  I  up  to  the  top  of  the  Pittsburg  proup  (Lesley) ;  but  the  re»t  dnen  not  extend 
10  for  eastward.  The  greatest  development  of  the  lower  coal  was  in  Ponnsjl- 
viaia;aDdof  thooppor,  IntheStatatftrtberwoRt  TbablgbeatbedainthoMriee 

■ippaar  to  <>oour  west  of  the  Mississippi,  in  Krin^<n.«,  where  they  nier;,'!^  int  i  the 
Fandan.  There  are,  however,  according  to  McKinley,  3000  feet  of  barren  Cool 
■eaaaraa  abore  tbe  lord  of  tbe  Pittubais  oeol,  In  the  soatbwaat  oomtr  of  Paua* 

sylvania  and  the  niljoinin;;  part  of  Yirglniay  aad  It  tl  BOt  MVtain  bov  fbr 
apward  they  may  reach  in  the  series. 

ft.  Eftihtdmeg  «f  lie  Affulmkim  mmd  tttimh  €M  JKwearw. — Tbor*  ia  gnat 
ttAMttgr  la  anlTlag  at  aafa  eoBidaaloaa  aa  to  the  •qolTalaMj  of  tba  beds  la 
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the  different  coal  basins,  because  the  beds  of  rock  as  well  ns  of  coal — even  thofe 
Ihnt  nro  the  thickcr<t — vary  much  nt  comparatively  abort  distance*  over  the 
country.  Moreover,  as  the  basins  arc  wholly  discannected,  there  is  no  chance 
to  trace  even  a  »in;rlo  stratum  from  uno  to  another.  It  is  often  assumed  that 
the  Appalachian  nnd  Illinois  bods  were  once  united,  and  were  afterwards 
divided  by  the  uplift  of  the  Silurian  ttb:iut  Cincinnati  and  extensive  denudation 
Bcconipanyin;;  it.  But  it  haa  been  shown  (p.  317)  that  this  uplift  probably 
antcd^tci  long  the  Carboniferous  Ago;  and,  if  this  were  so,  the  C'innection  in 
those  latitudes  is  impossible.  It  is  evident,  therefore,  that  only  the  mosit  f^eneral 
oonclu^'iuns  on  the  subject  of  equivalency  can  bo  accepted  as  established  facts. 
The  principal  investigations  on  this  subject  nro  those  uf  Lusqucreuz,  who  ha:i 
brou';ht  to  it  n  thorough  knowlod<;e  uf  the  coal  plants. 

The  Coal  measures  uf  Pennsylvania  nn«l  the  States  west  include  twelve  to 
eighteen  di»tinct  workable  coal  beds,  be»idc«  thinner  feam<,  the  number  vary- 
ing in  different  regions  from  certain  beds  being  comparatively  local.  In  thia 
aeries  there  nre  two  beds  that  have  special  prominence  on  account  of  their 
thickness  and  the  wide  range  they  are  believed  to  hove. 

There  nrcfirtt,  the  Mummoth  Antkmeile  rtin  of  Pennsylvania,  which  is  the 
iiecnnd  or  third  from  the  bottom,  not  fur  from  the  Millstone  grit. 

Stcond,  the  Orcat  Pituhunj  bed,  the  ccventh  or  eighth  above  tbc  Mammoth  vein. 

The  following  are  the  equivalents  of  these  beds,  according  to  Lcsqucreux  : — 

(1.)  Mummoth  bed  (Second  workable  Pcunsj'lvania  bed). — The  bed  at  L«(>- 
nards,  above  Kittaning,  Pa-  (31  feel  thick),  etc.;  Mahoning  Valley,  Cuyahoga 
Falls,  Chippewa,  etc.,  Ohio ;  the  Kanawha  S.ilines ;  the  Breckenridge  Cannel 
Coal  and  other  mines  in  Kentucky,  the  first  (>it  second)  Kentucky  bed ;  the 
lower  coal  «>n  the  Wubosh,  Ind. ;  M<jrriss,  etc..  111. 

(2.)  PUlithHrfj  led  (Eighth  Pennsylvania  bed). — Bed  at  Wheeling;  nt  Athena, 
Ohio;  the  Wtll  Coal,  at  Mulfurd's,  in  western  Kentucky,  the  eleventh  Ken- 
tucky bed. 

The  Gate  and  Salem  bed*  correspond  to  the  Upper  Freeport  (or  fifth  bed,  west- 
ern Pennsylvania) ;  Pameroy  coal,  Ohio,  ailuate^  below  the  Mahoning  sandstone,- 
IhQCurteie  coal,  uf  Curlew  Hill,  Kentucky,  or  the  fourth  Kentucky  bed. 

In  Kentucky,  fifteen  or  twenty  dii^tinct  coal  beds  exisL  The  eleventh  is  sup- 
posed to  correspond  to  the  Pitt»burg  bed,  and  the  others  are  above  it.  Above 
the  twelfth,  there  is  the  massive  tiaudstono,  40  to  50  feet  thick,  called  the  Anvil 
Rock,  from  the  form  of  two  ma:<^c^  of  it  in  southwestern  Kentucky.  Six  or 
seven  coal  beds  occur  above  the  Anvil  Rock,  in  about  500  feet  of  rock;  but  they 
are  very  thin;  the  whole  amount  of  coal  in  this  thickness  is  about  6  fe«t. 
(D.D.Owen.)  The  thickness  of  rock  in  the  Coal  measures  below  tbc  top  of 
the  Anvil  Rock  is  about  1000  feet,  and  of  the  included  coal  bed^  about  40  feet; 
making,  in  all,  fur  the  western  Coal  mc:u<ures  of  Kentucky,  a  thickness  of  16UU 
feet,  in  which  uro  45  fict  of  coal. 

G.  Sretivn*  of  the  Coal  Meamu-e*. — In  western  Pennsylvania,  the  western  Coal 
measures,  to  the  top  of  the  Upper  Freeport  Coal  inclusive,  consist,  according  to 
Lesley,*  of  the  following  Wds.    The  numbering  of  Lesley  by  the  letters  of  the 


*  Manual  of  Coal  nnd  its  Topography,  by  J.  P.  L«slcy,  I2mo,  Phila- 
delphia.   Lippinc  >tt  it  Co. 
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•Iphalwt  it  Mil  tlfoihat  by  Le«qa«reiui  (tfM  lattar  fal  pu«ltlMMs)»  M 

^«  out  fng^f^,ii|BpoMd  psnltelisn  Utwwn  th*  KsDtnekjr  ttd  PVBMyl- 

Millstone  Grit   ? 

L.COAL  Ifo.  A,  with  4  feet  of  shale  [1  A]   9 

fmU'm^nOi^   « 

3.  COAL  N'o.  B  [1  B].    (E'luivalcnt  of  M»uiiaoCh  bed)M. 

4.  Slwl^  with  some  Madatoue  »ad  iron-ore...   20-40 

rm^^i^*  tnn*Toiis»  10-20 

R.  Biihratom  alkl  %hiil<«<«.»M.*  •  •••••  1-U 

7.  SUle.  i.........   36 

&  COAL  No.  C.    The  Kittening  C«nnel  (equivalent  of  the  Ciaad  «f 

Peytona,  Va.  and  Darliii;;tMM,  V,u)  [2]   3} 

9.  Phalc, — soft,  containing  two  ijvds  of  coal  1  to  IJ  feet  thicic   7&~100 

Id.  Sanditono   W 

11  Ivwcr  TkMpoft  COAL  M  No.  D  [S]     2-4 

12.  Flaty  sandstone  and  «linlo   50 

13.  Limeatone  

14  Umw  COAL,  Ko.  B  of  Iietl«7  [4]    6 

"  ...     60 


I  M»  eoBttBned  Id  weeteni  PaanaylvaBia,  to  the  Pitta- 
M  fblkiir:— 

r«ot 

I.  Maboximo  SA5DST0n................».......».................»»......>.»»*  76 

t  Shale;  thieknoH  flOBrfdmiUik......M.M.... 

4.  Shuly  sandstone  «.»»........ .•...........•*.••.•.«...••.•...»....».......  20 

6.  Red  and  blue  calcareous  marls   207 

«.  COAL  No.  a  [6]  "  1 

•  T'liiil  ir.  ihwBlfifBiii............    »  . — 2 

!l.  Slates  and  shales  100 

,1;  Ofay  dayey  eandatone   70 

ikk^tdliuri..^   10 

II.  Shale  and  s1:itv  ^Lnnl-r  no  ,   ^0 

12.  LioMitoiM^  BOD-fossiliferoua    ^ 

ia'«h^.«?.v.uv.....  — .........  "  ^ 

14.  Linn  •  1  1 1 1  r                            •m.M*. ............ ...... ........ «•».»♦•».».•••  2 

IK  Ewtand  yellow  sbalo....  «......,.«...«..«....   12 

||i  ]^mmbn^9.  ,.«,..««.   4 

Shale  and  Mod  «,..,«.....«..........«.......   20 

11  Iron-ore  f.pnthic)  ........•.»•...»»•«..•  2S 

W.  Limettono   HI 

f  m»\n^miSH  Ho.  H  of  Lodv  [U) ...»     

The  appor  part  of  the  Uj>p9r  Coal  men$ure*  (above  the  Pittiborg  bed)  la 
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Feet. 

1.  Shalo,  brown,  fcrrujnnoui,  and  landy   30 

2.  Sandstone,  graj  and  slaty   25 

3.  Shale,  yellow  and  brown   20 

4.  Limestone, — the  Great  Liuic<)titnc  south  of  Pittsburg  (including  two 

COAL  beds,  2i  feet  and  1  foot)     70 

5.  Shale  and  sandstone   17 

0.  Limestone   I 

7.  Shale  and  sandstone   40 

8.  COAL  .....\   • 

9.  Shale,  brown  and  yellow   10 

10.  $andst^>ne,  coarse,  brown   35 

11.  Shale...   7 

12.  COAL   14 

13.  Limestone  4  feet,  shalo  4.  limestone  4,  shulo  3   15 

14.  Shiile  10  feet,  8a.nd8tone  20,  shale  10   40 

15.  COAL   1 

16.  Sandstone  (at  Wnynesburg),  with  4  feet  of  shale   24 


Sections  of  the  strata  of  Kentucky,  Missouri,  Ohio,  and  Michigan,  will  b« 
found  in  the  Geological  Reporis  on  those  States,  and  others  of  Nova  Scotia  in 
Dawson's  Acadian  Uc<ili<fcy,  and  the  Quarterly  Jour.  Geol.  Soc.  1854,  page  60. 
Mr.  Losquercux  has  published  a  memoir  on  the  equivalency  of  the  ooal  becLs  of 
the  United  States  in  the  Geological  Report  of  Kentucky. 

The  relations  of  the  sandstones,  limestones,  and  shales  that  alternate  with 
the  coal  be<ls  over  the  wide  rej^ion  stretching  from  the  Appalachians  west,  are 
but  partially  understood.  Although  these  strata  seem  to  be  generally  limitod 
in  range,  there  is  still  an  equivalency  to  be  ascertained  for  the  whole  succession. 
The  rocks,  as  in  other  ages,  are  consecutive  records  of  the  events  of  the  period  ; 
and  until  fully  elucidated,  the  history  of  the  American  Carboniferous  era  will 
remain  imperfectly  known. 

m.  Life. 

I,  Plant*. 

The  abundance  of  Fosisil  Plants  is  the  moat  striking  charao* 
teristic  of  the  Coal  era ;  and  the  remains  are  so  widely  diffused, 
and  are  distributed  through  so  great  a  thickness  of  rock  and  coal, 
that  we  may  bo  sure  we  have  in  them  a  good  representation  of  the 
Forest  and  Murwh  as  well  as  Marine  Vegetation  of  the  (Carbon iferous 
age.  In  the  marine,  there  is  little  peculiar  to  note.  The  land- 
plants,  on  the  contrarj',  afford  evidences  of  progress  in  the  life  of 
the  globe,  and  reveal  an  expansion  of  some  departments  of  the 
Vegetable  kingdom  which  would  not  have  been  suspected  were 
it  not  for  the  evidence  in  the  rocks 

This  vegetation  began,  as  already  shown,  in  the  early  Devonian, 
and  waa  well  displayed  before  its  close. .  The  general  characters 
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of  the  flora  have  been  mentioned  on  page  302.  The  tribes  of 
plaatB  an  h«ra  repeated  in  tabular  form : — 

1.  FiiBcoaAiia,  or  Flowering  Plants  ;  the  inferior  daaa  Gtmno- 
srritMs.  S.>P  |iage  IC5  for  the  aignifioatioa  of  the  tenns  uaed  in  the 

dafiftiiication  of  plants.) 
a.  True  Conifers. 

i.  Sigillarids,  related  to  the  Gonifera. 

2.  CalamitiSt — plants  wiUi  jointed  stems  or  trunks,  supposed 
by  Brnngninrt  to  rank  nearer  Gymnosperms  than  the  Equiseta 
among  Acrogens. 

3.  C^TPTooAiia,  or  Flowerless  Flaata ;  the  auperior  olaaa  AcMMBna. 

a.  Lycopodium  or  Groimd>Fine  fiunilj. 

b.  Ferns. 

c.  Equiseta. 

TIm  fronti.tpiece  may  be  sf^ain  referred  to  Tor  a  f^cneral  idea  of  the  features 
■ad  alio  the  eharaoteristio  planta  of  the  Coal  era : — the  Lj/copoditnmf  m  large  tree 
en  the  right  of  the  pietore,  and  another  on  the  left;  the  SiffHlaria,  a  brokeo 
(tump  in  the  right  eomer;  the  Tret'/trn,*,  tree  with  spreading  top  near  the 
centre  of  th«  picture,  copied  from  a  drawing  of  a  modem  speoiea;  ordinary 
/cTM,  the  low  plants  with  spreading  leaves  or  fronds  beneath  the  Tree-fern,  etc., 
is  the  toegrooad. 

Bemain.s  of  Fungi  (or  Mushrooms)  occur,  but  are  not  common ; 
and  these,  with  Sea^teds  (marine  Algie),  are  the  only  kinda  of 
lower  Cryptogams  known  to  be  present.  There  is  no  evidence  of 
thp  existence  of  Mo«4sos,  Lirlions,  or  Liverworts  ( ITr  jiutic.t  ).  Even 
the  simple  Conferva-  (fre.sh-wuter  Algo)),  Hometiiues  called  frog- 
Qttttle,  were  not  in  the  ponds  of  the  Goal^era. 

There  vrere  no  Angioaperma,  and,  in  all  probability,  no  Palma  or 
other  Kndopens. 

A  few  remaining  Rpecies  of  plants  have  been  referred  to  the 
QtasBes,  Sedges,  and  Palms,  and  some  small  Endogens  related  to 
the  Lily  tribo.  But  these  are  rare  and  of  uncwtain  detmnination. 

Tho  order  of  Palms  has  been  supposed  to  be  reprceemted  in  the 
genorii /V(i/;f//</n(j,  Ntxr/rjeratliia.  Pnhtuinf,-.'^,  nnd  Triffonoearpumg  but  the 
specie**  are  now  believed  to  belong  to  otlicr  ^jroiips. 

Although  the  vegetation  was  rery  largely  oryptopamous,  yet  it 
•as  in  s  great  depree  forest-verfeialion.  Should  we  collect  all  the 
^'xistinp  tcrn'strial  ('i  yj^toj'.ifii'^  of  Xorth  America,  in  order  to  make 
*  forest  of  them,  the  forest  would  hardly  overtop  a  man's  head, 
ttd  the  Ferns  would  have  an  undergrowth  of  toad-stoola»  moaaea, 
•adliohena. 

IWfem.<«  now  grow  only  in  the  tropica.  The  largeat  modem 
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Lycopodm  arc  four  to  five  feet  in  height ;  the  nncicnt  were  sixty  to 
eighty  feet.  The  lv|uipetu  of  our  marshes  are  slender,  lierbnceou« 
phint^i,  with  lioUow  stems,  and,  when  of  hirge  size,  little  over  two 
feet  high  ;  the  Calamites  of  the  Carboniferous  marshes  had  partly 
woody  trunks,  and  some  were  a  score  of  feet,  or  more,  in  height. 

The  Conifers  of  the  period  were  abundant,  and  were  tlie  mcK/«T« 
feature  in  the  Palaeozoic  forests.  But  these  were  in  the  main 
related  to  the  Araucarian  Pines  (see  j).  ICG), — a  grou[)  which  now 
lives  in  Araueania,  Chili,  and  Brazil,  on  the  continent  of  South 
America,  and  in  Australia  and  Norfolk  Island,  in  the  Soutli  Pacific, 
nnfl  wliich  aro  therefore  confined  in  the  Age  of  Man  to  the  iSouthorn 
hemisphere. 

1.  Lfpulitilcndron  tribe  {L>/ropo<lium  or  Ground-Pine  family).  The 
various  genera  (Lrjiitlodrniiri)n,  Lrpidopfdoios,,  JIalonia,  Knorria,  etc.) 
are  confined  to  the  Lower  <.'nal  measures.  They  were  lofty  wocxiy 
trees,  with  scarred  trunks  and  branches,  the  scars  of  wliielt  (fig^*. 
5(>.'i,  4,  5,  7)  are  arrang«'d  in  quincunx  order.  These  scars  aro  tho 
impressions  left  where  the  leaves  or  fronds  tlropped  off,  and  are 
very  similar  to  those  observed  on  the  trunks  of  modern  tree- 
ferns,  one  of  which  is  shown  in  fig.  575,  and  au  ancient  one  in 
fig.  5GG. 


li«'pi<io(l(-ii«lron  otMTHtum;  56A,  liepidodpiiilnm  clypoAtam ;  fiM,  Cniilaptrri!«  puDo- 
iX]^),  being  uno  of  the  «ciirs  left  on  the  »tvm  of  a  trec-frrn  by  tbo  lmf-«tiilk. 


Pig.  563,  x-icw — partly  iilcnl— of  the  extremity  of  h  branch  of  a  Lrpidnftnuimn. 
Tho  *lcndcr,  pinc-likc  leave."*  in  tho  LfjtldodfudmH  iSttrnher^',  At  shown  in  raax- 
niiiocnt  •peeimcna  from  tho  coal-mines  of  Radniti,  in  Austria,  figured  by 
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EttiDftbsascn,  are  over  a  foot  lonj;,  and  are  a*  cloiely  crowded  about  the 
kraachci  as  in  anjr  modern  Pine.    See  alio  the  trees  on  the  frontispiece,  aboro 


Fig.  563. 


Extremity  of  a  branch  nf  LcpidiMlrnilron,  with  the 
Icarea  altnc)i<Ml. 

••fcned  to.    Fig.  584,  part  of  the  Biirfnco  of  the  l.tpidndendrnn  ohorathm  Stcm- 
(xri,  a  eoininon  ipecies  both  in  the  United  States  and  Europe.  Fi>;.  566,  L.  r/y- 
The  cuuc»  {Lepiduttrnhu*)  found  in  the  i«auie  rocks  with  the  Lcj>iilodrii<lftt 
>Te  regarded  as  their  fruit.   They  have  some  rc5emblnncc  to  the  cones  of  Pinc.i. 

rrprcKrntM  a  portion  of  the  i>letu  of  Hnlouiu  fiulehella  Lsqx.,  a  plant 
*unUar  to  Lepidudcndrun,  from  the  Coul  measures  of  Arltansas. 

2.  Siffilfaria  tribe. — The  S'ujiHari<r  (figs.  .'iCS,  .'iOO)  are  most  abundant 
'n  tho  L<>wor  Coal  measures,  and  oi)iK'ar  to  have  taken  a  great  part 
'n  the  formation  of  the  Coal.    They  are  pupposed  to  li:ive  grown 
the  great  marshes  of  the  era  in  which  tlie  Coal  vegetation 
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aocumulated,  while  the  Lepidodendra  and  Conifers,  though  not  ex- 
cluded from  the  marshes,  covered  the  drier  hills  and  plains  of  the 
continent.  Most  of  the  Sigillari(»  grew  up  as  simple  trunks  to  a 
height  of  thirty  to  sixty  feet,  without  branch«^8.  The  xurface  and 
summit  were  covered  with  long,  narrow  leaves  in  great  numben^ ; 
and  out  of  thcHO  leaves,  found  separate,  the  genera  PoaciUj  and 
Cyperites  have  been  made.  The  trunk  is  usually  ribbed  vertically, 
an<l  the  scars  are  arranged  along  the  ribs.  The  name  of  the  genua 
alludes  to  the  scars,  and  is  from  the  Latin  aiffiUa,  scah.  In  both 
this  group  and  the  preceding,  the  api^earancc  of  the  scars  of  the 
samo  species  varies  much  with  age,  and  upon  the  opixxnite  sides  of 
the  bark  the  same  sc-ur  is  wholly  different,  as  shown  in  figs.  568 
and  5G9,  in  the  part  of  each  of  which  to  the  right  an  impression 


of  the  inner  surface  of  the  bark  is  shown.  The  plant  is  proved 
to  have  been  of  close  texture  through  the  interior  of  the  trunk, 
and  still  may  have  had  a  rapid  growth.  Stumps  made  hollow 
by  decay  within,  and  now  filled  witli  sund  and  clay  and  fossilized, 
are  common  in  the  Coal  measures.  Of  many  such,  only  casts  in 
sand,  showing  an  impression  of  the  scarred  exterior,  remain. 

Fig.  56R  repreMntii  the  SiyiUaria  ocnlala,  from  Trevorton,  Pa. ;  569,  S.  obotnia, 
from  PciitiKylvaDift  and  Kentucky. 

3.  Stigmaria:. — The  Stirpnaria  were  originally  described  a.s  the  re- 
mains of  trees  related  to  the  SigiUaria.  The  surface-impressions  are 
very  different,  being  simply  scattered  rounded  depressions  or  pro- 
minences ;  and  to  each  there  is  sometimes  a  long,  loaf-like  append- 
age, as  in  fig.  570,  which  represents  a  portion  of  a  branch.  But  the 
branching  roots  of  both  Sigillariio  and  Lepidodendra  have  been 


Fig.  608,  Sigillaria  oculula ;  660,  S.  ubovaU;  670,  StlgmarU  nruitle*. 
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found  to  have  the  characteristics  of  the  JSiiffmarut;  and  these  roota 
oftcoUeijigraat  numbenintheimdn^yiof  Uieooalbecb.  In 
Nova  Scotia  and  England,  SigiUaria  stumps  have  been  observed 

irith  Sli(rntana  roots.    Lesquoroux,  howcvrr.  maintains  that 
Sligmariu?  are  sometitnos,  at  least,  stems,  and  not  roots. 

Pi(.  670  is  the  Stigmaria  Jicoida,  ■  •p«oics  wbioh  it  said  to  have  a  rang* 
thmgb  the  wbol*  Coal  ueMarM^— whieh  may  be  true  if  more  than  one  species 
u  D>  t  eonfounded  under  the  name.  Si<jUlaria  miuuta  occurs  in  IIm  Ostskill 
<poeb  of  the  Devoaiaa;  other  spociea,  in  the  Upper  Coal  laaaswsSi 

4.  Cahin^iirx. — Tlioso  j(iintf<l  ru-}i-lik<<  plants  somelimos  prow  to  a 
height  of  twenty  feet  or  more,  and  were  associates  of  the  iSojUUirim 
in  the  marshes,  being  common  throughout  tlie  Coal  measures. 

Fif.  583  represents  C.  mnntr/ormU,  one  of  the  Lower  Coal-measure  species. 
CCShU  Bni)^t.  and  C.  m>do»u»  Schlutheiin  are  other  Aiucricuii  T.uwor-Coal 
fpe«ie«.  a«  well  m  fureign;  C.  Pachjfd«ma  is  found  onlj  in  the  Millstone  grit 

Wow  (Lcsquercux). 

5.  Concert. — Coniferous  trunks  and  stumps  are  common  through 
Uw  Goal  measures,  and  oooor  also  fiir  down  in  the  Devonian.  But 
it  is  remarkable  that  their  leaves  have  been  seldom  found.  The 

.^f:-vi'  -r/i>.  which  are  abundant  in  Oliio,  mul  at  ri<  ton.  Nova  Seotia, 
have  been  shown  by  Dawson  and  Williamson  to  be  c;ists  of  tlio 
pithy  or  open  cellular  interior  of  some  Conifers.  (See  p.  283.)  They 
sre  thick,  cylindrical  stems,  much  wrinkled  circularly,  consisting 
off  the  same  arenaceoas  material  as  the  rock  in  which  they  occur 
boned.  Occasionally  they  have  a  carbonaceous  exterior,  which  is 
the  woody  part  of  the  former  tree.  In  Nova  Scotia  specimens,  as 
wdl  as  those  of  England,  a  conifnrous  structure  has  been  observed 
inthecoaly  exterior,  and  also  a  very  open  cellular  structure  through 
(h<>  -aiidstone  interior.  The  Devonian  species  from  Fictou  is  not 
distinguishable  in  its  microscopic  structure  from  the  PiniUs  (Da- 
iujfhn)  BrandUngi  of  Witham. 

Ibst  of  the  known  Oarbonifnons  species  are  related  (Dadoxylm 
included)  to  the  penns  AravcarU/s.  The  Amr-ricito  species  of  Car- 
boniferous Conifers  have  been  but  little  studied. 

FtvUt  <^  Contfers  and  other  plants. — Besides  the  remains  of  trunks 
cf  Conifers,  various  fruits  are  found  in  the  Carboniferous  beds. 
Hiose  which  have  been  referred  to  the  genus  T^igonoearpum,  accord- 
•ag  to  Hooker,  are  the  fruit  of  Conifers,  and  resemble  most  that 
of  the  Chinese  genus  iSaUsburia  of  tlie  Yew  family  ^Taxinea).  Ac- 
«Qrdmg  to  DiawsoD,  th^  are  the  fruit  of  Sigillarin. 

Stp.  571  to  574  (bf  Vawbany)  represent  aats  or  frnlts  from  the  Lowar  Goal  t 
191 «,  1^    4  li  fl^posoMnpwN  iricutpidattm  Nawbsnry ;  a,  tba  ant;  b,  tha 
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kernel;  c,  the  complete  nut;  rf,  the  bask  or  rind  enclosing  the  nat.  Fig.  672  U 
Cardiocarpwn  tanarm/onut  (the  name  of  the  genus,  from  Kap^»,  heart,  allade*  to 


Fig*.  &71-57i. 


Fig.  671  a,  b,  e,  d,  Trigonocarpam  tHcnspldatom ;  a,  the  net ;  6,  the  krmel ;  e,  the  complete 
cut;  d,  Ibo  buak  or  riod;  &T2,  Cardlocarpum  •emanefonne;  573,  C-  eloDgatnm;  574,  (X 
blcuipldalum. 

the  common  cordate  form  of  the  seed) ;  fig.  573,  C.  elonffatum ;  fig.  574,  C.  6i«m. 
pidatHW.    The  Cardiocarpa  arc  suppoied  to  bo  the  fruit  of  Lepidodondra. 

C.  Ferns. — ^Tho  ferns  are  mostly  of  the  low  herbaceous  kinds,  al- 
though a  few  tree-ferns  occur.  Some  of  the  fronds  were  six  to  eight 
fcot  in  length. 

In  one  group  of  Ferns,  the  NtHropteridx,  the  leaves  or  leaflets  hare  no  mid- 
rib, as  in  Cyclopterit,  Noeijijerathia,  CMoutopterit,  and  Nenropterit.  In  another 
group,  the  Sphenop(eridit,  the  leaflets  or  lobes  hare  a  mid-rib  slightly  distinct, 
but  it  foils  before  reaching  the  apox,  and  the  veins  do  not  emerge  from  it, 
as  in  Spheiiopferi*  and  IIifmenophifHite*.  In  a  third,  the  Prcopieridm,  the  mid- 
rib is  verjr  distinct,  and  the  veins  emerge  from  it  more  or  less  obliquely,  as  in 
Atethopterit,  Pecopterin,  Calliplertt,  Atpltnitt*. 

Fig.  566  represents  the  scar  on  the  surface  of  an  American  species  of  foMQ 
tree-fern,  Caulopien't  punclata  Lsqx.,  from  the  Gate  vein, 
Pennsylvania.  For  comparison,  the  scar  of  a  modern  tree- 
fern,  fig.  575,  is  here  given,  from  the  species  Cgoihea  eompta, 
occurring  in  the  islands  of  the  Pacific.  With  the  growth  of 
the  tree  (see  sketch  near  middle  of  frontispiece),  as  new 
fronds  are  unfolded,  the  old  ones  drop  off,  each  of  which 
leaves  its  scar  onalogous  to  the  above.  The  manner  in  which 
the  fronds  of  ferns  unroll  as  they  expand  is  shown  in  the 
figure  here  referred  to. 

Fig.  576,  Nturopteri$  Lotchii  Bmgt,  and  fig.  577,  AVu- 
ropteri*  hiriuta  Lsqx.,  from  figures  by  Lcsquereux,  both  very 
common  in  the  Upper  Coal  measures  in  Ohio  and  Kentucky, 
and  the  former  particularly  abundant  in  the  Pomeroy  bed. 
Fig.  579,  Peeopteris  arborttcetu  Bmgt.,  common  in  Penn- 
sylvania and  Ohio.    P.  Ci/athta  Brngt,  and  P.  unita  Bmgt., 
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m  also  common  In  the  United  States,  occurring  in  the  Rhode  Itlaad  eoal  fleldt 
u  well  as  elsewhere.  AUtkopierit  Serlii  Oopp.  is  another  common  cpeoies  of 
the  Upper  Coal  measures,  which  is  found  also  in  Europe.  Fig.  680,  Cifclopteri* 
dtyam$  Lsqx.,  found  in  the  Shamokin  Coal  bed,  Pennsylrani&. 

Id  Arctic  America,  on  Melville  Island,  impressions  of  a  SphenopUru  have 
been  obwrred  in  connection  with  the  coaL 


Figs.  67»-683. 


''S-ffH,  Kouropterii  Loachli;  677,  Nenropteris  hlmU;  67«,  Sphenophyllnm  Bchlotbei- 
S79,  Pecopteria  arboreacenn :  679  a,  i»  portion  of  the  «anio,  rnlnreril ;  680,  Cyclopteris 
<llSkn(:        Aitterophyllltc*  ovatnii,  with  the  nulI^ilt  In  th«  kxIH  of  the  lettToi;  682,  A. 
nblrrit;  683,  CaUnUtea  cannKrormi* ;  683  a,  sortace-marUngs  of  same,  enUtrgrd. 


The  genua  OdonlopltrU  is  mostly  of  the  Lower  Coal  measures.  Fig.  584, 
Portion  of  a  frond  of  0.  Sehloiheimii,  from  Pennsylvania  and  Europe ;  the  whole 
^od  ii  tripinnately  divided,  and  of  very  largo  sise.  All  the  spMies  of  Hymeno- 
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pkj/Uite»,  and  fcreral  of  AUliopten't,  Ne%ropteri»,  and  Peeopttrit,  are  found  in 
the  lower  divuion.  Fig.  2*86,  Aletkopttrit  Lonckilidi;  oxclusirelj  of  the  Lower 
Coal.    SpluHopUrit  tridacttflU  Lsqx.  i*  tlao  from  tbo  Lower  CoaL     Fig.  iSi, 

Figt.  584-587. 


rif .  684,  Odontopterii  Schlolbelmli ;  (8S,  Aletboptoris  Loncliltidii ;  llxnienopbrllitas 
IlilJrclLi ;  680  a,  portion  of  the  nmo,  enUrged ;  687,  8pb«noptorU  OraTenbontii ;  SS7  a, 
portion  of  the  same,  snUrged. 


HtfmenopKyllittt  Hildixtlti,  from  the  Kanawha  Salines,  and  586  a,  the  aame,  en- 
larged ;  fig.  587,  Spheuopterit  Gravtnhorttii,  common  in  Ohio  and  farther  west, 
at.  the  Gate  Vein,  Pennsylvania,  and  occurring  also  in  England  and  Sileaia; 
587  n,  a  portion  of  tho  same,  enlarged. 

The  genus  NotjgtmtMa,  a  Devonian  species  of  which  is  figured  on  p.  291, 
occurs  in  the  Lower  Coal  measures  alone.  Fig.  5S7  A,  No<2Qtratkia  mim»r 
Lsqx.,  from  Pennsylvania. 
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Anolher  group  of  Coal  planU  U  tha  AittrojdijfUitet  family,  haring  miM 
itHBihbBea  to  Bqvtrafau  It  iaetodot  fl«slbl«  InrlMeMat  gptOiu,  with  Immi 

iJTingeJ  in  a  circle  or  whorl  at  joints  in  fho  Ftcm,  whence  the  naino,froia  Mff^f^ 
Mr.  Tbej  are  oonSned  to  tbo  Upper  Cual  moaaures.  In  the  genaa  AtUroplfgU 
flMtfca Ubtm  dender;  and  in  8:tktnapfijttmm{ti9m  Um  Ondc  e^iaiM^) 
ftqr an  obtote  and  irc<l';o-shapc<1,  being  smallest  at  base.  Fig.  5S2,  A»t(ro- 
fijfffAo  nUavM  /  flg.  &S1,  A.iwttuj,  with  tbo  nutleta  in  the  axila  of  tbcleavea; 
f|«  Vth,  ^^knojAyttmrn  SektoiMmit  Bngt,  ftmi  PwtuylTaiiiii,  8«lm  and 
and  PooMroy  bedi!,  Ohio.    Dr.  Nawtony  lagardt  iona  apaoiM  af 


Fifa.  688-MII. 


Ileiwon,aiid 


tMb  genera  at  parts  of  the  samo  plant,  the  Torincr  the  submerged  part,  and  the 
that  which  !a  emerged  or  rests  upon  (he  water.   Auuulnrin  is  aaotliar 
fCQns  of  thic  family.    One  eporio-'  of  if  is  rr-.TOsontccl  in  fi?;,  ^>li'  T. 

Fi2*.&SS-500  represent  brnnckic*.  with  what  »ccro  to  bo  the  remains  of  floireia 
Ml  hall,  diaooTarad  bj  Dr.  Nawbarry  in  tha  Ohio  Coal  meaanraa.  SaaM  apaal- 
■ens  of  this  general  eharoctcr  have  bcp:i  rocjarded  by  Hooker  as  young  or  par- 
tially-developed leaf-bnds.  It  is,  however,  diSoalt,  aeoording  tu  Dr.  New- 
MlqQla  asflala  ^  apaoinaaa  on  thai  hypothaalfc 


The  species  of  Coal  plants  of  tho  Ameriooi  ooftl  fields,  thus  far 
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observed,  number  about  350.  150  species  have  been  procured  from 
a  single  coal  bed  m  Ohio  by  Dr.  Newberry. 

Charaeteristie  Species  of  some  of  the  subdivisions  of  the  Carboniferous. 

Lesquercux  enumerates  the  following  among  the  8p«ciei  characteriiUc  of 
the  groups  below  mentioned  : — 

(a.)  Subearbtiui/troH*  btdt. — Stitjmnria  Anobathra  Cordk,  S.  minor,  S.  vnrftt* 
lata,  and  others;  I.tpidodcudi-ou  Veltkeioiiunum  Sternb.,  L.  W'urtkiauum ;  k 
Caulopteri* ;  st  Mejapkylum  ;  Calaniile*  Snckoieii  UragU  ;  &  Bornia  ;  Cordaite* 
horauifolia  Ung.,  Knorria  inibrieaia  Sternb.  Of  these,  the  first  of  them,  with 
the  Calnmitei,  Cordaitet,  and  Leju'ditdeitdroH  Wurlhianutn,  occur  higher  in  the 
aeries,  and  the  Calamim  and  Co.duitt*  continue  through  the  whole  Cool  ueo- 
cures,  or  at  least  above  the  Pittsburg  coal  bed. 

(6.)  MilUtoHt  Qiit. — Lep'd"d<ndntM,  six  species;  S't'jUlaria,  two;  Calamttn, 
two ;  Sllgmaria  ;  and  the  Ferns,  Pecoplerii  telutiun  Lsqx.,  P.  nereoaa  Bmgt., 
Nturopteri*  Jitjcwa  Dmgt.,  N.  hir$uta  Lsqx.,  AuuuUiHa  tpkewipktfUnidet  Ung., 
Oilontopttrit  ertnulala,  Jfi/weaophylliteM  j'HrealuM  BmgL,  Spkeuuplerit  Utti/olia 
Brngt.,  which  occur  also  higher,  to  nt  least  Coal  bed  No.  I  B. 

(c.)  ifammotk  Dtd  (No.  1  B). — A  great  number  of  fruits,  including  noorlj  all 
of  the  Coal  measures,  of  the  genera  Triyauitcarpuui,  Cwdincaipum,  Itkfihducar- 
piu,  and  Cnrp'iiithei ;  numerous  Lepidndeiid'  a  (eighteen  species) ;  Aletknpterit 
Lonehitidi;  and  A.  marghinta,  not  known  aborc,  and  species  of  Ciilt<pteri;  with 
few  of  the  finer  forms  of  the  family,  of  the  genus  Pcopierit ;  among  which  few 
there  are  the  Pteopierii  reliiliua,  P.  Sillitnaut,  P.  pfiimtim  Bmgt. ;  SpkennpttrU 
family  numerously  represented,— .Si.  laii/olla  Brngt,  S.  obtntiluba  Brngt., 
S.  glandul<-n  Lsqx.,  S.  potyphifUn  Ltndley  &  Ilutton,  S.  Nttchtfryi  Lsqx.,  S.  ar- 
Umitiie/olia  Bmgt.,  and  Ht/men<>pki/Hitt»  Hilditiki  Lsqx., and  H.  »p!tt')*«a  Gopp^f 
all  peculiar  to  it;  all  the  American  species  of  Oduntfipieri;  except  0.  ctnttlatOt 
found  also  in  the  Millstone  grit  Many  S'lyiUariK,  as  S.  tieltata  Lsqx..  S.  Sfrlii 
Brngt,  S.  tewlaia  Brngt,  S-  Drvekant!  Bmgt.,  S.  alctolarit  Bmgt.,  and  others, 
not  found  above.  The  most  abundant  species  are  the  omnipresent  lieurtiptcri* 
kirtuta  and  N.  Jlexuota.  There  are  also  species  of  AnwHlnrin,  Spktnopkjflltim, 
Atteropkyllilet,  and  Calnmile* ;  an<l  everywhere  St!<jmnna  Jicwdet. 

{d.)  Cutil  No.  4. — This  bed  ia  characterized  by  small  Fcms.  Ther«  or©  no 
Lepidudeiidrn,  hut  some  Slt/illarig;  and  numerous  8[)ecies  of  the  PecopteH» 
family ;  also  species  of  AtUropkyllltei,  many  of  Nemropttrit,  and  several  of 

SpktUrtptertB. 

(«.)  Coal  No.  11,  the  Pitttbury  Coal  bed. — There  Neuropten't  kirtuta  Lsqx., 
Cordnitct  bortitii/olln,  Neurnpterit  JlexHOMa  Brngt.,  Peopterit  p'llymorpka  Brngt., 
P.  arboreieen*  Bmgt,  P.  Ci/ntkta  Brngt,  Spkenophifllum  emanjinatnm  Brngt. ; 
C7o/ajH)f««,  three  species;  SiijUlaria,  ono  species;  Lepi'dndeMd ra,  nont.  Neurty- 
pten't  Uoorii  Lsqx.  begins  here,  and  has  some  resemblance  to  an  Oulitto  specioo.* 


*  See,  for  further  detail,  Lesquereux's  Memoir,  Am.  Jour.  ScL  [2]  xxx.  p.  367 
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2.  Anvmali. 

The  animal  life  of  the  Coal  measures  is  either  (1)  of  land  or  fresh- 
water  origin  ;  (2)  of  brockish-water  origin  ;  or  (3)  of  marine  origin  ; 
and  this  is  the  first  of  the  ages  in  which  this  distinction  has  been 
proved  by  actual  discovery  to  have  existed,  although  probably  a 
fkct  in  at  least  the  latter  half  of  the  Devonian.  Most  of  the  lime- 
stones and  some  of  the  sandstones  and  shales  contain  murine  fos- 
tils ;  while,  on  the  contrary,  other  deposits  of  sand  and  ciny  bear 
evidence  that  they  are  not  of  the  sea,  any  more  tlian  is  the  vegeta- 
tion which  covered  the  lands. 

The  species  include,  among  Protozoans,  the  little  Fvsulina  of  tlie 
Rhizopod  group,  a  shell  consisting  witliin  of  minute  cells,  and 
related  to  the  Nummulites  of  a  later  period.    (See  fig.  193,  p.  104.) 

Among  Radiates,  Corals  and  Crinoids,  both  Paheozoic  in  type. 

Among  MoLLUSKS,  numerous  Brachiopods,  iSpiri/irs  and  Producti 
being  especially  abundant;  Conchifers;  Gasteropoda,  the  species 
for  the  most  part  without  beaks  to  tlie  shells  ;  Cephalopods  of  the 
genera  Nautilus,  GoniatiUi,  and  Orthocerat.  A  Palceozoic  cast  is  appa- 
rent throughout. 

But,  while  thus  Palceozoic  in  marine  life,  there  is  a  new  trrrcstnal 
feature  in  the  appearance  of  land-snails  of  tlie  modern  genus  Pupa, 
belonging  to  the  highest  group  of  Gasteropods,  the  Pulmonulcs. 

Among  Articulates,  there  is.  in  nearly  all  of  the  departments,  a 
ri«e  above  the  peculiarly  Palaeozoic  grade,  for  Trilobites  arc  rare ; 
and— what  is  of  still  more  progressive  aspect — there  are  Insects  and 
also  Myriapods  (Centipedes). 

Among  Vertebrates,  the  fishes  are  nil  of  Palreozoic  cast.  They 
comprise  only  Ganoids  and  Selachians.  The  Ganoids  have  vertebrate 
tails,  and  the  Selachians  belong  to  the  two  extinct  tribes  of  Ccstra- 
emu  and  Ilybodonts, — the  latter  commencing  with  the  Carbonife- 
rous age. 

But  there  are  also  Reptiles,  air-breathing  Vertebrates ;  and  tlicse 
are  new  types,  prophetic  of  the  Reptilian  age,  which  was  next  to 
follow.   These  early  Reptiles*  are  (1)  AmphWiant,  allied  to  the  frog 


•  ThB  foUowlog  arc  the  general  characteristics  of  Reptiles  and  of  their  sub- 

ditiiiionn : — 

Reptiles  ore  cold-blooded  animals,  like  Fishes,  hut  air-breathing,  like  birds 
iad  quadrupeds.  They  arts  of  low  viUl  nciivity,  with  the  temperature  vnrinblo 
»Bd  in  general  directly  related  to  that  of  the  snrrounfling  rocdium.  The  verte- 
lir«  differ  from  those  of  mammals  in  being  convex  and  concave  at  the  opposite 
tadi,  and  in  a  few  oases  concave  at  both  extremities,  approximating,  in  this  last 
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and  Salnmnndcr,  nnd  in  part,  if  not  altogether,  of  the  tribe  of  Ijubtf 
nnlho  hnts,  having  the  body  covered  witli  scales ;  (2)  iMcertians,  or 
inferior  species  of  tlie  Lizard  tribe  ;  Swimming  Snurinns  (Enal'uh 
taurs,  or  8ca-sauriun»,  n*  the  word  signifies),  allied  to  the  Ichtfiifosaurt 


case,  to  thoso  of  fishes.  Tho  teeth,  when  set  in  sockets,  never  taftro  more  than 
one  pr<ing  of  insertion,  while  those  of  Mamniah  uiay  havo  two  or  more.  Thej 
arc  oT  turn  typed,  which  arc  so  fundaiucntally  dij»tincl  that  they  require  the 
division  of  (ho  cluifs  into  two  sub-classes. 

I.  Ami'Uioiank. — Breathing  when  young  (or  in  tho  tadpulo  state)  by  menns  of 
gillii,  iind,  with  a  few  exceptions,  underguin^  a  luotamorphosis  in  which  tbej 
bee  iiiu  ^ill-less.    Heart  with  two  cavities,  as  in  Fishes. 

II.  Tuce  Ret>TiL,t:s. — Having  no  ^ills  at  any  period  of  life,  and  undergoing 
DO  luclamorphosis.    llcurl  with  three  ur  four  cavities. 


The  Amphibians  arc  tho  inferior  type,  and  by  some  toologists  they  are  re* 
gard^d  as  an  independent  cXvut*,  intcrtucdiatc  between  Reptiles  and  Fishes.  The 
skclctun  is  distinguished  by  having  (1)  two  occipital  condyles  for  the  articul*- 
tion  of  the  head  with  tho  body,  one  placed  either  side  of  tho  foramen  ;  (2)  the 
ribs  very  chort,  or  rudiuicntury,  or  wantinj^;  (.t)  tho  skull  flat  and  u.iually  bruad, 
and  111  a  loose  and  open  structure.  The  body  in  living  species  is  covered  with  a 
•oft  sUin,  with  sometimes  minute  scales,  as  in  tho  Cmcilians.  In  an  extinct 
group  [here  are  distinct  scales;  and  these  species  in  this  and  other  ways  approach 
the  true  Reptiles. 

There  aro  three  tribes  among  living  species,  and  a  fourth  of  extinct  species,  if 
not  ulso  a  (ifth. 

1.  C'£Cii.iA.X9,  or  Snake-like  Amphibians. — Body  having  the  form  of  a  anake; 
no  feet. 

2.  Sai-amaxdroids,  or  Dutrnehin  Umrlefa. — Body  usually  lizard-like,  or  re- 
sciiiblin  ;  in  form  atadpolo;  having  short  legs,  as  in  the  Salamanders;  some- 
times, as  in  SiicH,  only  the  two  forc-fcot  developed  ;  ribs  short.  They  graduate 
downward  into  species  (hat  keep  their  gills  through  life,  which,  while  perfect 
aniiuuls,  arc  representatives  of  the  embryonic  or  young  state  uf  tho  higher  Am- 
phibi.in!*.  In  others  of  intermediate  grado  tho  gill-opening  is  retained,  but  not 
the  giils.    But  in  tho  large  majority  the  gills  and  gill-openings  both  difapf»ear. 

Among  tho  Snlamandroids, — 

Siinic  retain  their  gills  through  life,  as  tho  .9>Vc</»i>,  or  Arolull,  of  Mexico  and 
wc.<(crn  North  .\mcrica,  Sivru  and  Secturui  of  the  United  States,  and  Prvltn* 
of  the  Adcl  lier.:;  Cave,  Cnmiola. 

Others  retain  tho  gill-openings,  but  not  tho  gills,  as  Mtnnpomn  of  tho  Alle- 
ghany rogi  m.  The  animals  aro  large,  broad,  and  flat,  sometimes  ever  (wo  feet 
ion^.  Tho  Amphlnmn  of  the  Southern  Slates  is  another  example.  Tho  Afcjiiln- 
ini  u<h»«  (or  Sieli'ifiliti)  is  closely  related,  although  the  gill-of>cningB  become 
closed  up;  it  is  the  lar;;cst  of  tho  cxistin;;  tailed  Amphibians,  having  a  )cn;;tb 
exceeding  three  feet.  Tho  fossil  Autlria*  Schtnchxeri  is  a  Tertiary  species  re- 
latcil  to  iU 


I.  AHPniBiAN<(  (BATHAcniA  of  most  autbors). 


cyuiBOiiimous  tbuod. 
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of  the  Mesozoic.  Remains  of  three  or  four  of  the  Reptiles  were 
tend  at  the  Joggins  in  Kova  ScotiA,  in  the  interior  of  a  S^Ma 
•tamiH  which  had  become  partly  hollowed  out  by  decay  and  after- 
wards  filed  byaand  and  mud  in  the  marsh  or  forett  where  it  stood. 


AlowMtrirf*. — Specie*  without  gill*  or  gill-opening*  in  the  adult  itate. 
Is  WMt  of  the  North  Ameriean  Salamandrids  there  aro  teeth  on  the  romer, 
Hid  a*  parotid  gland ;  white  ths  ipeeios  of  Eoiop*  want  ttacss  vonerina  iMth, 

•■dhare  parotid  glands. 

3.  BATBAcHuins  (so  named  from  the  Greek  0aTpa\ot,  a  fiwf),  or  Dnii-nchia 
Ancim.  Bodj  baring  four  long  legs  (the  hinder  the  lunger)  and  no  tail;  as 
in  the  totds  nnd  fro;;*.  The  teeth  arc  small,  nnd  mostly  on  the  roof  of  the 
BMQlh  on  the  vomer,  with  none  in  the  lower  jaw ;  the  vortebraa  aro  tjpically 
kSflnt  aamthoM  oosImm  to  u  to  spiMar  fWwor,  tlio  appMrat  aamlwr  wldoB 

tiecedin,'  fi^ht  :  the  rili-:  iin-  wanting. 

4.  LABTRixTUoiiuxTii. — The  species  of  this  group  of  extinct  Amphibians  r»- 
maM»  tbo  Botnwbolds  Id  bsTfaf  (1)  donUo  oeeipHtl  eoadylaa;  (2)  tooth  on 
the  vomer:  (3)  j^hort,  if  nny,  rilis ;  H)  iii'ually  Inrgc  pnlnfinc  opcninps:  and 
the;  approach  Sauriaas  in  having  (I)  the  teeth  rtout  and  conical,  and  set  Id 
•Mkato;  (S)  tho  body  oovorad  wHIi  platoi  or  nalco;  (S)  tbo  riso  aonotliBM  Tcry 
grwt.  The  tr  oth  hrivo  fbr>  liiln-rinthine  arrangement  of  the  dentine  ami  rcincnt 
that  ebaracterixcs  the  Sauroid  fishes  amoog  Ganoids  (see  fig.  481J,  and  which 
h  Mill  eoallavod  ia  that  group  among  tbo  liring  Oara ;  and  boaoo  tbo  asBO 

The  Uajiockphala  arc  Rnpposod  by  some  to  bo  related  to  the  inferior  Sala* 
MadnMa,  while  apprrtaching  Oanotd  iaboa  in  the  sanlptinod  bony  plates  whieh 
enveredtfatf  head,  nnd  in  some  other  ehnrncter!<. —  V.%.,  Art  hegnknarmtKoA  Af^ltm, 
A<aHix  oonsidars  tb«ai,  oa  good  grooada,  tme  Qanoidt. 

n.  Trits  Ramus. 

The  i^lteleton  in  the  true  Reptiles  hns  ( 1 )  but  one  occipital  condyle  Kelow  the (bra> 
acn ;  (2)  a  scries  of  ribs ;  (.1)  a  covering  of  scales  or  plates,  with  rare  exceptioas* 

Tbo  oxiitfBg  rpeoha,  and  part  of  tbo  oxtinet,  beleag  to  tbroo  tribes 

1.  SHAKES,  or  OfritMA:«s. — (1)  Body  without  legs  with  rare  ozceptioBs;  (S) 
so  itemom ;  (3)  eyes  without  lids ;  (4)  no  external  ear. 

X  SaoatAws.— Body  (1)  wMbont  a  earapax  and  with  a  tafl ;  aad  bartag  (f) 

fiwr  feet  (rarely  two,  or  none) ;  (1)  n  FtcrTinm  made  ofunlly  of  two  tinitcd 
*crtebra?,  sometimes  of  more;  (4)  eyes  with  lids,  or  seldom  without;  (&)  usually 
sa  external  oar^opentng. 

•t  Tt  irTi  r",  'if  Ciir I  ovi A\s.  —  DkiIv  liavinp  (1)  a  carapnx,  or  Fhell,  made  of 
atreral  pieces  firmly  united ;  (2)  a  very  large  sternum  forming  the  under  surface 
•ribe  body ;  (9)  a  homy  beak  Instead  of  teeth ;  (4)  an  external  ear-of  eaing;  (5) 
aick  and  Umli-"  very  flcxiMe.  The  Chclonians  have  many  marks  of  piipcrior 
lariL  Bot  the  species  appear  to  be  analogons  to  birds  amon^  the  higher  verto- 
biilH,or  the  bats  anonj;  niamnials,>-that  Is,  Inflsrlor  in  grade,  beeaaso  they  aro 
of  ■  fmall  ty|)e  or  lifc-^yntem,  unch  as  are  .«t yU-d  mt'crosllMeaje  la  the  RlBarks  oa 
sss—ials.    (See  under  tbo  Trias^  period,  pi.  421.) 
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before  it*  final  borial  by  tlw  doposiu  that  were  increasing  around 
H;  Mid  aloBf  with  miiieral  «lMB«oaldCThr«d  from  th«  wood,  aad  A» 

bones  of  the  Reptiles,  there  were  also  more  than  fifty  shell*  of  the 
land-8nail  Pupa  vctusta,  and  the  Myriapod  above  alluded  to,  beaidw 


Sauriaxis. — TIm  Saniuu  rvj  ia  Icagth  from  a  f«w  incbos  to  fifty  or  mor* 
faL  lamMth*  iMtharawlteMdMl^— wbeM«  IhcyanealMThreedoiit 

Saoriaos  f  from  B  *■ ,  n  r,fr,  and  »eo  j,  i,^ih ).  In  others  { Plcumdont*)  the  teeth  are 
iaplaated  in  a  groore,  th«  outer  border  of  which  prujecta  more  tb«D  the  inner ;  ia 
•aMn(AanM»)tta!r  mm  ntMmA  fn^  to  tM  Mlinit  part  oTth*  Jaw-boMk 
The  proniaeat  tribes  are  as  follow,  beginning  with  tho  highe«t  in  rank  : — 
1.  Diaoaaoaa  (Jbues,  urnbi€,  aad  M-y^c,  •  lUard). — Reptiles  of  groat  sise^ 
•n  mmm  estiiMl,  kaviag  BHuiy  mmumBm  duiaetoriaties :  (1)  tlie  long  b«BM 
hare  a  medullary  earity;  (2)  the  feat  are  short,  and,  with  the  azeeptien  of  the 
■agaal  phalaagos^  like  thoaa  of  paebydami ;  (3)  tha  laonua  aonairta  of  at 
least  oaltad  rattahnt ;  ( 4)  the  lower  Jaw  in  aone  apaeiat  liaa  lateral  mottoa  for 
trituration.  (Pictct.)  Include  the  hoge  Jtryulotamr,  ffylwotaur,  /yNonoW»ii, eta. 
Ia  the  sacrum  made  ap  of  Ire  anitad  rertabrae,  and  some  other  ehafaetanf  tbaw 
■pcaies  approach  tha  mammals,  aad  show  their  superiority  to  all  other  BeptllM* 
L  CRocooiLiAiia,  or  CuiiaMtd  Samrian: — Dody  having  (1)  a  cuirass  made  of 
bony  platM;  (2)  large,  conical  teeth  in  sockets  in  a  single  row;  (3)  oae  ju^le; 
two  premaxillary  bones;  (4)  aaerum  formed  in  general  of  two  rartebno;  (5) 
kaait  with  four  carUiea;  axtanMl  Boatrila  at  the  extremity  of  tho  rnout  Ite 
modem  species  have  toHt  nc,  rr,„rrr  vprtobrx, — that  is,  tho  anterior  face  is  eoa» 
aave  aad  the  poaterior  convex ;  in  others,  a*  tho  extinct  Cclitmiur  aad  Sumeo- 
mmr,  Ih^  ate  cowvcM-eoNmre;  aad  ia  a  third  graap^  laelndblg  tha  aTtlaet 
Ttlfownr,  tUnenfpnniltflnt,  etc.,  they  arc  iluuU j  ciuearr. 

3.  Lackrtiaxs,  or  Scfily  SuMriant. — Body  bavinj  (1)  comoons  scales;  (2)  tha 
teeth  rarely  ia  aocketa;  (3)  no  jngala;  ana  ventrielo,  ono  premaxillary  booa; 
(4)  aacnuB  eoaaiatin'^  of  two  vrrtcbrm  at  tho  most  Tha  Lumrd^  Igtmm*,  aad 
Mvmibtn  are  tha  types  of  tho  tribe. 

A  fbw  astiDot  apeaiaa  eharaetariaed  by  email  eealae  ara  Tkteadaau,  like  tlia 
Crocodiles,  »o  that  they  etaad  apart  from  other  Lriccrtijin!!.  nml  arc  intcrtncdiate 
between  them  and  CrooodQIaaa.  Snob  are  tho  Ti^tvudvitU-amr,  PuUtmumr,  and 
Prvlwmmw  (if.  617  AV-  tmmg  tha  earliatt  of  traa  BapHlaik  aad  tba  pra- 
anrsors  of  the  Crocudilcs  and  Dinosaur'. 

The  Uifiimittr  (fig.  7'J2),  on  the  contrary,  although  of  large  sixe  (twenty-fira 
ibet  long),  had  tha  teeth  iasertad  in  a  grooro,  as  in  tho  modem  Laeartians.  Tha 
•ana  waa  tha  aaae  with  tha  Otosaar/  aad  both  ara  related  to  tbo  JToaiiar  of  tka 
Vila  (  Karanae  Jtihtiwu). 

Baatdea  theio  trfhai^  thofv  are  two  asttaet  graapa: — 

4.  E'f  Ai ms Arns  (from  f;a\io;,  marine,  cto.),  or  Smimmimy  Satiriam: — (1)  Fur- 
Oisbed  wi-.b  pa  Idles  fur  swimming;  (Z)  having  therartabm  blouaearc, — aaothar 
iah.liko  eharaetarlatiet  (S)  teath  larger  aad  aet  la  a  groom  /cftfilyosaar  aad 
pUn'oKiiir  arc  the  must  common  genera.    (See  figs.  "Orz-Tlll,  Tl  j.) 

6.  rTicitosAURa(from  nTtiap,a  wtNjjCte.liur /Yy  V/iSnMn'MiM.— TbcmuateoaMoa 
feaue  lU^tnidme^  (If^flS).  By  tha  eseaaaivodoBjatioaar  tha  little  faferaT 
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fragments  of  raanj  other  •peoimens  of  the  Pupa,  and  a  few  indi- 
vMnb  9t  m  «nMll  ^Nrvrfo,  the  epinl  abell  of  •  worm  of  the  fierpule 

tribe  The  figure  on  p.  32G  (fig.  5G0)  repreaenta  a  section  of  the 
part  of  the  Coal  measures  in  which  these  remains  wore  found:  the 
(tump  was  twenty-two  inciies  in  diameter  and  nine  feet  high.  The 
flist  diwomiee  mi  thb  piece  were  nuule  by  Oewaoa  end  Lyell,  in 
1851.  Dawson  observes  that  the  shells  were  probably  the  food  of 
the  Reptiles,  adding  that  he  has  found  in  the  stonineh  of  a  reeent 
MaoUanchus  {M.  iateraitM)  as  many  as  eleven  unbroken  shells  of  the 
fradMrater  aaeil  P/ffgrn  heUro^pha. 

Such  e  congregalkn  of  animals  in  a  sin^  pliimp  pvoree,  ee  Dew^ 
ion  ttates.  that  the  species  of  the  tribes  represented  wereBOinure 
in  the  marshes  and  forests  of  Carboniferous  Acadia. 

AfemafHof  fbeture  thus  appears  \fi  three  out  of  the  four  sub-king- 
doms,— the  MoUuscan,  Articulate,  and  Vertebrate.  There  are  land 
and  fresh-water  shells  in  the  first ;  Insects  and  Myriapods  (or  Centi- 
pedes) in  the  second  ;  Amphibians  and  other  Reptiles  in  the  third. 
TlielUdiate  sub-kingdom  contains  no  terrestrial  species,  and  hence 
fid  noi  admit  ci  the  same  kind  of  progreai. 

C/uiractcristic  Species. 

1.  Protozoaus. — Rhitnpodi. — Fu»nliua  eylindriea  and  /*.  elottgata,  resem- 
bling fig.  Its,  p.  164.  The  first  is  a  Rassian  tpeaiM^aad  tlMrsissoM  ipMsUoa 
whether  the  Amoricnn  is  identical  with  it.  It  occurs  in  vast  number.",  almost 
Baking  np  tbo  limostonea  in  tome  places,  and  has  been  obaerved  in  Ohio,  1111- 
Miib  JOmmri,  aad  Kaaaai.  In  tbo  United  Btatss  the  gsaas  JWnIAmi  to  eonfiasd 
IstlMCsal  neaaares;  but  in  Russia  It  occurs  also  in  tho  Subearbonircrou?  rocks. 

2.  Badiatee. — (a.)  Polgp».~Tao  Coral  C^alk€ucomia  proli/cra  MoCbesney, 
ftm  niiaois.  (b.)  ^tiimdtniu.^CrimnU9  of  the  gtacra  /^ftrMcrAiiH^  Aetfue- 
OTniu,  etc. ;  EektHuidt  ot  the  Palocoz  Die  f:cnus  Architocidarit. 

3.  MoUosks. — (o.)  liroKhiopodi. — Fig.  601,  Spiri/er  canttmlut  Morton  (& 
Mtwitlackaitut  Roemer),  from  tbe  Lower  and  Upper  Coal  measures,  and  ocoar- 
ruin'  in  Obio,  Kentucky,  Illinois,  Missouri,  Kansas,  Texas,  New  Mexico,  and 
Dtab.  Tbto  spoBiss  is  oloislj  allied  to  3.  •triattu  (figs.  211, 212;  p.  181),  and  Is 

Uw  fore-feet,  support  was  afforded  to  a  membrane  whloh  Mteaded  to  the  tail 

md  made  a  wing  for  flyinp.  The  remaining  fingers  were  short  and  furnished 
with  claws.  The  long,  Klcoder  jaws  wore  sot  with  a  large  number  of  teeth  in  a 
fnere.  Tbe  bones  were  boUow  aad  light,  as  in  birds.  They  had  tho  habits  of 
bats,  and  wings  of  a  similar  character.  But  in  bats,  all  tho  finders  of  the  hand 
Wt  the  thumb  are  elongated  for  the  purpose  of  the  wing,  and  tbe  thumb  alone 
iiHsdforoliai^. 

Cbeloniana. — The  Turtle*,  or  Chclonian?,  arc  of  two  triboss— 
L  Tho  AM-TWnlce, — famished  with  paddles  instead  of  feet. 
A  Tha  £«Ml.SWffsiir-AmtM  wtth  tel. 
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regarded  by  some  us  only  a  variety  of  it ;  bnt  it  belongs  excluilvcly,  in  thU 
country  at  least,  to  tho  Coal  ucasurc;),  and  nut  to  tbo  Subcarbonifcrous  in  which 
the  S.  ttriatut  is  found  well  marked.    Fig.  692,  Productut  Jtoycrii  Norwood  k 


Figs.  691-594. 


BnACaiul'o:>s. — Fi^.  5!}1,  Spirifcr  ramcrnln^;  f<92,  rri>liiclua  Rogcrci;  503,  Cbonete* 

•uIuIm;        AtbyrU  Bulitilila. 


PrattcD,  from  Illinoig,  Kansas,  and  New  Mexico;  fig.  593,  CAoiiettt  me$oloha,  » 
common  spctiies ;  fig.  594,  AfA^rf*  (Tercbratula)  tubiiliia,  very  common  in  tho  Coal 
measurcfl,  ond  not  known  in  tho  American  Subcarboniferous,  although  reported 
from  tho  latter  in  England.  There  are,  however,  Subcarboniferous  forms  dis- 
tinguiybablo  with  diOicuIty  from  iL  Spiri/tr  KentucktntU  is  an  Upper  Coal* 
measure  species  from  Kentucky,  Missouri,  and  near  Pecos  village.  New  Mextoo. 
The  following  first  appeared  in  tho  Subcarboniferous,  and  are  continued  into 

Figi.  595,  996. 


Oojicnireas.— Pig.  695,  Area  [I]  carbooaria;  590,  Allorisma  tubcuncata. 


the  Carboniferous:  PrrxlHctiia  punctatut  (fig.  545,  p.  314),  P.  Corv,  P.  mmrie«tm», 
P.  tfmirtti'ciilattf  (Cg.  229,  p.  133),  Spiri/er  llneatui. 

{b.)  Conchi/ert. — Fig.  695,  Arrrt  [/]  earbonnria  Cox,  Upper  Coal  measurea  of 
Kentucky;  fig.  59<>,  Allori*tni  lubeuntala,  from  Kansas.    AvieulopteUm  recft- 
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kunn'a,  from  the  Upper  Coal  BMsam,  Kentucky.  PteUn  [i(ricii/ci}>eeteii] 
mtiadattu  SwalloWt  Kuisaa ;  Piuna  ptruemta  Sham.,  Hiuoari,  Kumm;  Lima  [?] 
ftl^m  Shaa^  Kaaiaa ;  3/ytilu*  [Modiota  T]  Skamutiuit  Sbnm.,  Kmum. 

(«;)  OtuUropoda. — Fig.  598,  BtlUmphun  curbonarim  Cox  (often  referred  to 
JLITnY),  Upper  Coal,  Kentiioky;  fig.  597,  PUuroiomaria  laMala;  tg.  5M,  P, 
flwffif a  {  fig.  600,  Mmw^tktiltuf  /utiformit;  iluixAuomia  mmima  SwaUow, 


Figs.  697-eOL 


•ttmoMM  — Fig.  697.  Plrurr(ot:ririn  t«tinlat«  :         ncllerciplu'n  <  nrhnnririiis  ;  r,00,  Pleih 
rotomaria  •pbcrulala ;  GUO,  Miiorucbciltu  ?  fuaifuriuis;  OOl,  Dvutuliuiii  ubsulctum. 


IGMOri;  Ag.  001,  Ltulalium  obtoUtum.  Aljo  the  Lamd-4iiait  (Helix  family) 
l^paeefitaCa  Dawson  (fig.  601  A),  half  an  Inch  long;  fnm  the  Coal  meaaarea 
of  the  Jogg}na,  Nora  Scotia. 

(rf.)  Cei-finh.podt. — Nauiilui  .Vinitnnn'enn't  Sham.,  Lower  Coal  mesvares,  N.pla- 
■tw/riw  Sbum.,  Upper  CM.;  Gtmiatltf  politMi  Sbum.,  near  Middle  CM.;  O. 
ftrmu  Sham.,  Upper  C.  M. ;  Orthoeew  aeuieatum  SwaUov,  Uppw  0.  M. ; 
mnilifnrme  Swallow,  Upper  C.  M.. — nil  from  Missouri. 

4.  Articulates. — (a.)  HorjNt.— rA species  of  Serpula  of  the  genua  SjtirorbU, 
Oad  keds  of  Hots  Seotla. 

(b.)  Cnftaceann. —  TrHnKitrt  ■  Phi!I<p»i(i  MimnurientiK,    P.  mnj'or,   P.  Clf'/toH:- 

tm$, — all  deacribed  bj  Sbumard, — from  the  Upper  Coal  measures  of  MissooiL 
Rg-MIA.  7tg.WS.  Wis.9MJL 


n|.mA,P«pft  wiMte  (X  iX»  018,0,  Mtmavw:  Zylebliia  McUlerWii  OOS  A.  Iimcr-Wtaw, 

Blattlaavemiite. 

OnraeoifU:  Beyrichia  AmericoHa  Shnmard,  tram  MlMoari;  aUo  apeeiee  reaem- 
UiagflMee  of  the  freah-water  genua  Cyprii  in  Mots  Sootis. 

(e.)  Jf /rMipo(ii._Fi;.  602,  Xylobiiu  S!<jillanm  DawaoB,  from  the  Coal  mea- 
nrea  of  Nova  Scotia,  and  supposed  to  be  related  to  the  modem  JhIm»j  a,  organ 
(Umf)  witli  its  pslpBip  psrtsiiiiBg  to  ths  mooth,  ealsiied.  The  wftiSm 
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mutt  bare  burrowed  into  the  interior  of  the  Sigillaria  trunk  in  which  it  wm 
found.  (Dawaon.) 

(</.)  Ituecu. — Pig.  602  A,  Dlattina  venntta  Leiqoerenz,  from  the  Coal  mea«ur«* 
at  Frog  Bayou,  Arkansas.  The  apeoimen  u  one  of  the  wings;  aad  it  very  clos«lj 
reaemblei  the  oorreaponding  wing  of  a  modem  Cockroach  (genus  Dlatta).  Thia 
ii  the  only  insect  yet  found  in  the  American  Carboniferoua  beda. 

S.Vertebratea. — («.)  FU\t*,—f\%.  W3  A,  EurylepU  tuhtnnlatit  Newberry; 
and  flg.  603  B,  Calaeanthu*  tleyant  Newberry, — both  Qanoids  from  the  Coalmen- 
Fig.  603. 


GA3(on>8. — Tig.  603  A,  BarylcpU  tubcrculatus;  603  B,  CaUcantbaa  elegana. 

•urcs  at  Linton,  Ohio.  The  latter  is  remarkable  for  not  haring  the  tail  betero- 
oercal,  although  strictly  Tortebrat«d.  The  genus  EttryUpii  of  Newberry  is  a 
group  of  small  but  higbly-om  amen  ted  fishoa,  tilled  to  PaljtonUen;  but  distin- 
guished by  the  high  side  scales.  Other  Ganoids  occur  of  the  genera  3f<galiek- 
thy$,  PalKotiincui,  A  mUyplerui,  Pyyoplemt,  Hhtzodut,  and  C<r/(ican(Aii«,  in  the  Coal 
measures  of  the  United  States  and  Nora  Scotia. 

Among  Selachiant  the  following  European  genera  hare  been  recognized  in 
the  Coal-measure  limestones  of  Pennsylvania,  Ohio,  Indiana,  Illinoi!!>,  etc, — the 
species  being  generally  distinct  from  those  of  the  Old  World  : — 1.  CKSTRACioim : 
genera  CleuoptychiuB,  Prtnlodut,  Jletodut,  Coehliodut,  Paeciladut,  Ptenraeamthtit, 
Cteiiacattihit*,  &nd  Oracauthiu,  2.  IlrBODOXTS:  genera  Z>(p/orfii«  and  C7a<fo<fM«. 
(Newberry.) 

(6.)  Jieptile*. —  Amphtbt'ant. — Fig.  604  A,  Ennicepa  Lycltit  Wyman,  fonnd  by 
Dr.  Newberry  along  with  fossil  fishes  at  Linton,  Ohio.  According  to  Wyman, 
it  has  many  of  the  characteristics  of  tho  Batrochians  (frogs),  or  toil-less  Amphi- 
bians (whence  tho  name,  signifying  Frog-headed),  but  appears  to  be  interms- 
dSate  between  that  group  and  tho  Salamander  tribo  (tailed  Amphibians).  No 
■oolct  hare  been  obserred :  if  possessing  them,  like  the  species  of  Nova  Sootia^ 
it  would  rank  among  tho  Labyrinthodonts. 

Dnphetci  planicept  Owen,  is  tho  name  of  an  Amphibian  from  Pictoa,  Not* 
Sootia.  The  specimen  is  a  portion  of  the  skull,  seron  inches  broad, — enough  to 
■how  the  groat  size  of  the  animaL  According  to  Owen,  it  was  probably  a  aoal^ 
oorerod  and  roracious  animal  of  tho  LahynntkodoiU  tribe. 

Dendrcrpeton  Aeadlanum  is  a  smaller  and  narrower  reptile  from  Nora  8aotia» 
and  ono  of  the  number  found  in  the  stump  of  a  Sigillaria  at  the  Joggina^  aa 
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neBtioned  on  p.  345.  It  wu  probably  about  two  and  a  half  feet  long ;  the  body 
was  eoTered  with  scales,  and  the  whole  surface  of  the  oranium  was  sculptured. 
DawsoD  regards  it,  therefore,  as  most  nearly  related  to  tbo  Labyrinthodonts. 
The  name  is  from  the  Greek  iurlfor,  trte,  and  tpnrf,  reptile. 

Amphibian  footprints  have  been  observed  in  the  Coal  measures  both  of  Penn- 
sylvania and  Nova  Scotia.    Near  Westmoreland,  Pa.,  in  a  layer  situated  about 
IQO  feet  below  the  horizon  of  the  Pittsburg  coal,  Dr.  A.  T.  King  counted  twenty- 
Fig.  «04. 


KonuS/— Fig.  A,  SanJcepe  Lyellii ;  B,  Vertebrn  nnd  ribs  of  a  Loccrtian ;  C,  Vertebra  of 

Eoeaoms  Acadianns. 


QtfM  conseentivo  steps  of  one  individual.  Those  of  the  hind-feet  are  fivo-toed, 
Md  of  the  fore-fect  fonr-toed, — the  former  five  and  a  half  inches  long,  and  the 
Utter  four  and  a  half  inches.  The  distance  between  the  successive  tracks  is 
(iz  to  eight  inches,  and  between  the  two  linos  about  the  same;  which  shows 
thst  the  animal  was  large,  about  as  long  as  broad,  and  probably  a  Batrachian 
of  the  Labyrinthodont  tribe.    The  species  is  called  Thtnnropu*  htterodactylu*. 

Laetriian*. — Along  with  the  Rattietpa  were  found  some  of  the  ribs  and  vcr- 
^briB  of  two  other  species  of  Reptiles,  one  specimen  of  which  is  represented 
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in  fig.  604  n.  The  existence  of  ribs  separates  them  from  Datracbians,  and  their 
length  from  the  Salainutidrians ;  and  in  this  characteristic  they  approximate  to 
the  Laccrtians  or  Litard  tribe  among  true  Reptiles.  Dawson  has  de»cribed 
three  spcoioa  under  the  generic  name  HylonomHt,  which  wcr«  found  with  th* 
Dendrcrpctun ;  they  have  long  ribs,  as  well  a«  scales,  and  mnjr  have  b«on  rtrlatod 
to  the  above  from  Ohio.    He  regards  them  as  probably  Lacertian. 

Eiialioaaurt. — Two  vertebm  of  a  large  swimming  Saurian  have  been  found 
bj  0.  C.  Marsh  in  the  Nova  Scotia  Coal  measures,  at  the  Joggins,  about 
&000  feet  below  the  top  of  the  scries.  Fig.  004  C  represents  one  of  the  vcr- 
tcbnc,  reduced  one-half,  and  a,  a  transverse  section.  The  re:<cmblanco  to  th« 
vertebra  of  an  irbik>)<,»nuru»  (see  fig.  710)  Is  close.  From  the  depth  of  its 
concavities,  the  animul  is  suppo.sed  tu  have  been  one  of  the  most  fish-Iiko  of  the 
Enalios.turs.  But  without  more  of  the  skeleton  it  is  difficult  to  pronounce  on 
ita  exact  rclatiuos.    The  species  is  named  by  Marsh  Eotaumt  Acadianut. 


COAL  MEASURES  OF  FOREIGN  COUNTRIES. 

I.  Distribution  of  Coal  Regions. 

Coal  bods  of  the  Carboniferous  age  are  found  in  Grcjit  Britain, 
France,  Belgium,  Spain,  Germany,  Hungary,  and  Cliina.  But  it  is 
not  yet  known  that  any  beds  of  this  age  occur  in  Soutli  America, 
Africji,  Australia,  or  in  the  whole  of  southern,  central,  and  western 
Asia,  or  in  either  European  or  Asiatic  Russia.  Passing  up  from 
Afriwi  and  tijo  Orient  over  Europe,  we  find  the  smallest  amount 
of  coal  in  Germany  or  southeastern  Europe;  the  next  in  order,  in 
Belgium,  France,  Spain,  Great  Britain  ;  or  in  proportion  to  the 
square  miles  of  Rurface  approximately  as  follows: — France,  I-lOOth, 
Spain,  l-50th.  Belgium,  l-20th.  Great  Britain,  1-lOth.  The  number 
of  square  miles  of  coal  area  in  these  countries  is  nearly  as  follows; 
that  of  North  America  is  added  for  comparison : — 

Square  mitet. 


Belgium   518 

France   2,000? 

Bpain   4,000 

Oroat  Britain  and  Irel«nd   12,000 

British  Provinces   18,000 

United  SUtcs   1.10,000 


ToUl  in  North  America    148,000 


The  contrast  is  striking  in  its  bearings  on  the  earth's  future,  and 
has  a  profound  historical  interest. 
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Excluding  America,  Great  Britain  tnkos  the  lead  of  the  rest  of  the 
work!  l>.>tli  in  its  actual  amount  of  coal  and  the  oxtcnt  of  the  coal 
area  as  cumpareU  with  the  whole  surface.  With  an  urea  of  120,290 
tifun  miles,  there  are  about  12,000  square  miles  of  eoal  lands. 
Brituh  America,  however,  in  the  ]irovincesof  New  Brunswick,  Nova 
Scotia.  Cajie  Breton,  and  Newfoundland,  f^tamls  ahead  of  her  in 
both  re»])ecti>,  its  area  of  81,113  square  miles  containing  15,000  or 
If^OOO  square  miles  of  coal  land.  The  Sti^  of  Pennsylvania  leads 
the  world,  its  area  of  43,9f>0  square  miles  emlwacing  20,000  of  coal 
Und.  The  Belgian  coal  fielrls  portion  of  wliich  ttCtends  into 
France)  are  the  most  worked  amon^  the  JiurojMian. 

finasia  huA  a  great  area  of  Subcarboniferous  rocks,  containing 
■ome  little  coal,  bat  only  small  areas  of  the  Coal  measures,  in  its 
footiiem  part. 

b  b^aad  (sm  llw  MUnrtng  nap,  te  whioh  lb«  Uaek  at«M     tin  OariMni- 

famif)  the  co»l  rrpioiiM  nrc  sitiiriffil  in  a  lintnl  ninninji  north-northciift  ncronn 
turn  Sonth  Wales  tu  the  nurtheavt  coast,  where  is  the  Newcastle  basin.  The 
ftiMipal  Ngfcma  an  tlM  Soath  Wales,  MM,00€  iqnan  aerss  In  arm,  sad,  la  the 

Ma«  latitude,  the  region  abruit  I?riKt(il.  past  nf  (bo  Scvrrn  ;  the  <iin:ill  p:iti-!ir-;  in 
Mini  Eogland,  in  Worcestershire,  iSbrop8bire(C'ualbrookDalo),  Warwirkxhire, 
TahwlBiahtri,  and  Staflbrdihire;  nortli  of  tbww,  the  great  Leneashire  region, 
which  bordprs  i>n  Munchctpr  and  Livcrpiml,  with  thp  basin  of  riini'-hirc  on  the 
DtOftbe  whole  together  over  500,000  square  acres;  a  little  to  the  west,  the  York> 
Abe  eoal  region,  abont  Leedt  and  Sliefldd,  650,060  square  aerea  In  area;  fkr- 
theraortb,  a  patch  on  the  western  coast  in Cnnberlund,  about  Whitehaven,  etc.; 
■ad  OB  the  eastern  coast,  the  great  ragioo  of  VewcasUe,  600,000  square  aoiea  in 

In  Scotland  the  beds  eover  aa  area  of  alioat  2000  square  milcn,  and  He 
Wtetcn  the  OraiapiaB  range  on  tbo  aerlh  aad  tbe  Lammennairs  on  the 

b  tielSBd  theno  are  Sevoral  largS  eoal  regions,— that  of  Ulster,  estimated  at 
M,MO  square  aera%  of  Connsaght,  200,000,  of  Leinster  (Kilkenny),  150,000,  of 
Hauter.  1,000.000. 

The  coal  workings  are  carried  on  in  most  of  the  Ftritish  mines  bj  a  regular 
IjMcm  of  mining.  The  depth  of  one  of  the  mines  of  the  Newcastle  coal  field  is 
ISM  feet;  of  another  1800;  and  of  those  of  Yorkshire  about  1000  feet  At 
WUtakavSB  they  rcich  out  far  under  the  sea. 

.  The  eoal  of  En::lnn<l,  Scotland,  and  Ireland  is  mainlj  bituminous  or  scrni- 
hitwiaoam.  Anthracite  occurs  in  South  Wales,  e«|>eciall3'  its  western  part, 
asj aiw la  ths mlnaa  of  nouthrrn  Ireland  (Cork,  Kerry.  Limerick,  aad  Clare):  but 
lUa  vatkCy  la  fa  geaenl  lesa  hard  and  more  inflaauaable  than  that  of  Pena- 
Qtraals. 

The  assoelatsd  roeks  at*  similar  to  these  of  Ameriea,— ria.,  eonglomerates, 

■SMeae!*.  iihn1p<,  Itmpvtones,  and  iron-ore  bods:  and  firp  clajs  naoally  onder- 
laaeah  bed.  Some  deposits  are  evideoUjr  of  fresh- water  origiSf  Others  saarino 
•raf  bnskblHwntsr. 

M 
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Fig.  605. 


Fig.  005,  Qtologicnl  Mnp  of  Kngland.  The  nrfiu  lined  bnrixouUIIy  and  numbrrrd  1  ar* 
Siluriun.  Those  lined  vcrlically  (2),  D<>Tonlan.  Those  cniM-llned  (3),  Sul>carlK>nifnrDaaL 
CarboiiiriTouH  (4).liUick.  Pcnniau<5).  Tboio  Ilnod  obllqaely  rVvm  right  to  lift,  TrUtiic  (t\ 
Uaa  (7  u>,  Oolltt-  (7  fc),  Woaldcii  (8>,  Cn  tAcoou*  (0).  Those  lined  ddiqudy  from  left  U 
right  {10, Tertiary.    A  it  London,  B.  Lircrpool,  C,  Mancbefter,  D,  Xewcaatle. 


The  following  are  the  principal  cool-minei  of  the  conntries  of  Burope: — 
FiiAXCE. — Basin  of  tho  Loire  (St.  Etienno). — Moselle  (Surbriick). — Bur- 
gVLody. — Langucdoc. — Provence. — Limoufio. — Auvcrgno. — Brittany. 


Digitized  by  Google 


OABBORIVIBOUS  PIBIOD. 


866 


teMnm^Lttge  Coal  field,— the  «ut«ni  dirision.— Hainaalt  Coal  field,— 
WMlam  dhrUion. 

OiRMAHT. — Baxin  of  th«  Saar.  tributary  to  the  Moselle  on  the  herders  of 
Prance. — Baain  of  the  Ruhr,  tribatary  to  the  Rhine,  near  Du»s«l(lurf,— the 
mtw  mtenaton  of  the  Belgian  region.   In  Saxony,  near  Zwiekui  ■niHtnudop, 

Acttwia.— Bohwia^  Math  of  the  Bnfebiifo  aad  BiMongebirgo^  and  roaoliiBg 
Mo  SUeaia. 

Srin^Ia  tho  Aatariu  (largMt).^No«r  Oontomi— Oatalonia  (nutl). 
PoBToaAiNT-lf OM  Coiata*. 

n.  Uffc 

1.  P/onft. 

Tlie  sMue  genera  are  represented  among  the  Kuropefm  coal  bed* 
as  occur  in  America;  and  vorv  muny  of  the  species  are  identical. 

In  this  respect  the  vegetahlt'  and  aiiimul  kiriL'doms  arc  in  strong 
contrast ;  for  the  species  of  animals  common  to  the  two  continents 
liare  always  been  few. 

The  following  table,  by  Leaquereax,*  shows  the  number  of  American  species 
«f  tbo  soranl  genera  that  hare  also  been  found  in  the  Beropesa  COsl  BoaiaiaSt 
IS  von  as  the  aambor  pecaUar  to  cad^  ABsriea  aad  Bnropo: — 


Oeoera  of  Coal  Plants. 


Nocjifgerathia  Slornb  

Crcloptert.t  Brn^t  

N'Uf  .ptcri<  Hrnjrt.  M..M.M..t»>.< 
Odontoptcrix  Brngt.  ................ 

Dictyopteria  (tutl>  

tehoaopteris  Bmgt   ••a 

tfraMBophyllites  OSpp. 

uodea  Sternb  

Triehamanttea  Gopp  

?trffrn-i.i  (liipp  

B«inertin  (Jiipp  

Diplailtvs  (iiipp  

Woodwarditcs  (iiipp  

Alethopteris  Sternb.  ■•m>.m.m..m 
Calliptcria  Bmgt.  .....„....*.»»•« 

POeopteria  Bmgt.  ..  oases aoaeaa  aeaaas 
ApUaMa  Stonib.  ........  ..MM  ••MM 

Caolopterts  Bmgt.  .................. 

P  ir  iiiu<  Rmpt  

I  rcmutopteris  Scbp  


Spccina  pMuliar 
to  ■ 


3 
1 
21 
6 
1 

20 
8 
• 
• 

0 
0 
0 
0 

12 
2 

10 
0 
4 

19 
1 


5 
2 

16 
6 
I 

41 

10 
1 
4 
1 
1 
2 
2 

20 
1 

49 
ft 
4 

0 


•  •  Am.  Jonr.  Sci.  [2]  xxx.  M.  Tn  thf  table,  as  originnlly  published  by  Les- 
faereux,  the  speeiee  of  Or. Newberry's  cabinet  are  added  with  an  asterisk:  the 
doTo  baa  been  modiled  apoa  adviee  reoeirod  fton  the  latter.  Tbo  ideatillea- 
tioD  of  American  with  European  species  reqoiiai  mors  OSiaflal  iBTSStigatlOBf  SS 
Leeqaareoz  and  Newberry  both  observe. 
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Specie*  p«callar 

Speciea  pectilUr 

Specif*  comiBM 

to  America. 



to  Europe. 

to  both. 

1 

0 

0 

1 

0 

0 

1 

0 

2 

0 

0 

1 

6 

2 

5 

21 

87 

17 

2 

2 

2 

0 

0 

1 

14 

10 

11 

0 

4 

1 

2 

4 

0 

2 

1 

2 

0 

2 

1 

r 

2 

4 

1 

1 

2 

7 

6 

2 

8 

5 

6 

RhabdocarpuH  Uopp.  <x  Brngt.  .. 

A 

2 

8 

1 

12 

62 

« 

0 

1 

0 

1 

12 

0 

1 

0 

1 

0 

1 

0 

2 

5 

11 

1 

1 

0 

5 

8 

7 

I 

0 

5 

& 

3 

3 

Acoording  to  this  table — which  was  propared  in  1860 — there  are  in  all  aboat 
350  known  American  Bpcoies,  and  490  European  (and  British) ;  and  of  these 
146  are  common  to  the  two  continents.  In  other  words,  more  than  on^^thirtl  of 
all  the  American  speciea  were  growing  alao  in  the  Carboniferous  forecta  of  the 
other  continent. 


2.  Animals. 

Tho  most  importftnt  additions  to  the  facts  already  stated,  fur- 
nitihed  by  the  European  rocks,  are  those  relating  to  the  class  of 
Insects  and  Spiders.  We  learn  that  besides  Lhckroaches,  which 
also  existed  in  Europe,  there  were  probably  WeeviU,  as  well  as 
other  kinds  of  beetles,  speciea  related  to  the  Dragon-Jltf,  and  alao 
Termites  and  Locusts.  Tho  class  of  Spiders  (or  Arachnidre)  was  repre- 
sented by  Scorpions  and  Pseudo-scorpions. 

The  Vertebrates  were  similar  in  type  to  the  American,  the  fishea 
being  Ganoids  and  Selachians,  and  the  Reptiles  Labyrinthodonls  and 
other  Amphibians. 

A  rericw  of  the  species  of  Rndiatfi  and  Molliukt  is  not  necessary  here,  as  the 
facts  add  nothing  new  in  principle  to  what  has  been  gathered  from  tho  Ameri- 
ran  strata. 
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»jx  flmbiiAtM;  007.  Bolltnartu  (Umalni)  rotnndataa  f X  Hii  9»,  IIM|y»- 
laathraoopUiU;  CU0,  fiUtUaa  priuuev*;  910,  C^clopbUudnuu  BackUndL 

Fig.  010  A. 


A  MinW  of  AflMileaii  Coal  neaaara  ipaelaa  ara  Maatleal  wifk 

the  .9m ''Carboniferous  of  the  other  eontinent  Thus  it  is  with 
the  following:  AlkjfHt  »uMtila,  Betna  r«dian»,  Spirifvr 
liueatiu,  a.  Ui  ii,  AMiaeMt  iomgi*pina,  P.  MoArfoalM,  P,  «0t> 
IMMn^  #lMMiiiM  tj/timdHea. 
I.  Artictllates.— (a.)  CruHacean: — No  !«p«;ici>  of  Trilobltes  »re  reported 
fiOBi  the  foreifD  Coal  meaaures, — ■bowing,  apparentljr,  the  oomplet*  eztincUon 
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of  ih'u  aoeirnt  tribe.  Dut  there  were  Crustaceans  of  now  kinds.  Fi;;.  607,  Belli- 
mmma  (Limtilu*)  rotHndatu;  reduced  oue-half,  a  species  related  apparently  totba 
HorsMhoe  (LimNiut)  of  the  Atlantic  coa^t.  Fig.  606,  Gampaunyx  /imbrintH*, 
like  a  shrimp  in  general  form,  but  belonging  to  the  tribe  of  Seklzopod;  that  is, 
Macrtiurans  having  an  accessory  branch  to  the  legs  (from  vxisw.  (»  divide,  and 
r»mi,/tKii);  thoy  are  the  lowest  of  Moorourans  (p.  153).  Fig.  61 1  A  represents  a 
»|K>cies  still  more  like  a  shrimp,  and  it  has  been  called  AHthmritpaltemott,  from 
f\tlirmon,  the  name  of  a  modern  genus  of  shrimps,  and  the  Greek  for  r^tnl. 
It  is  from  Lanarkshire,  Scotland.  A.  duhiuu  and  A.  Grofani  are  other  specie* 
referred  to  this  genus,  the  former  from  Cualbrouk  Dale  (includes  the  Glypkm  f 
dibin  Salter,  an<l  ApuM  dubiii*  M.  Edwards),  and  the  latter  from  Lanarkshire; 
but  the  broad  flattened  carapux  indicates  a  nearer  relation  to  ^Kijlm  »nd  Gnla- 
ikro  thon  to  Ptttiruxiu.  Pi/ijocrphalui  Couperi  is  the  name  of  a  Schisopod  from 
near  Manchester,  England. 

{b.)  Spider: — Fig.  610,  Cifclophthnlmwt  Bucklaudi,  a  scorpion  of  the  Coal 
measures  of  Chomie,  in  Bohemia.  MirmUibit  is  another  Carboniferous  genus, 
of  the  family  of  Pseudo-scorpions.  These  are  the  first  of  the  clas^  of  Spiders  in 
geological  birtury. 

(f.)  iHntri*. —  Remains  of  insects  have  been  found  at  several  localities,  and 
esprciolly  at  Saarbrllck  and  Wi  tlin.  Fig.  609,  a  wing  t>f  the  Ulatlinn  primmca 
Jordan,  or  CnrV»onifer<iuH  Cockroach,  rery  similar  to  the  American  (fig.  602  A); 
it  is  from  Soarbriick.  Fig.  608,  wing  of  DictymirHrn  atttkrncnpkiln  Jordan,  a 
Neuroptorous  insect  of  the  Semblis  family.  Saarbriick  has  afforded  also  a 
species  of  Teimitet,  another  Neuroptcrous  insect;  a  lucwtt  (Ortbopterous)  for 
which  the  genus  GryllaerithuB  been  instituted  ;  and  a  bteite  orColeopter  referred 
to  the  new  genus  Tmritr*.  Tvn}  irrrrit*  (Curculionids)  hove  been  re|>orted  from 
Cnalbrook  Dale  (Shropshire),  England;  but  Hcer  regards  them  as  Crustaceans, 
and  not  Insects. 

Vertebrates. — (n.)  Fi»ke*. — The  fishes  of  the  Carboniferous  age  are  found 
most  abun<lantly  in  the  Subcarboniferous  limestones,  as  these  were  wholly 
of  marine  origin:  still,  a  con!*idcrable  number  of  s|>ecics  occur  in  the  Coal 
measures.  The  Selacliians  are  of  the  genera  CtruodM*,  C/etioptt/rkim;  Gyi-n- 
cnHtkm,  etc.,  and  also  Hrfudui,  CladttdHt,  Orodu;  Clrnaeautkn;  etc.,  which  are 
mostly  Subcarboniferous.  The  most  common  Coal  measure  genera  of  Ganoids 
are  PnlruHitcu;  AmblypterHt,  and  Hvlopiyckin:  All  the  Ganoids  have  verte- 
bralcd  tails. 

(ft.)  Rtplileo. — A  few  Reptilian  remains  have  been  ob.'^^r^•cd  in  Europe  and 
Britain  similar  in  general  character  to  those  of  America,  and  indicating  the 
existence  of  ordinary  Amphibians  and  Labyrinlhodonts.  One  species,  Para- 
Intirneknt  Culti  Owen,  \*  a  Labyrinthodont  fnun  the  British  Coal  measures. 
The  ArrkrijiuMtHriit  Deckrui  Goldfuss,  a  Carboniferous  species  from  Saarbriick, 
has  been  regarded  as  a  Proteoid  Salamandrian.  But  Agassii  has  observed  that 
even  in  their  limbs — their  most  Reptilian  feature — they  are  closely  like  Ganoid 
fishes  of  the  genus  Polyptcrus.  ApuUuH  prilmirit  H.  v.  Meyer,  is  another  spe- 
cies related  to  the  Arcbcgosaurus,  if  nut  of  the  same  genus;  it  is  from  near 
MUnstcrappel,  on  the  Bavarian  Khine. 
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CKuMral  ObMrvatteu. 

1.  Ofiglii  of  ComL — (1.)  Coai  derived  from  VegeiatioH.—AB  the  ooftl 

Wil.-;  anil  acromiianyinj,'  strata  ahnund  in  tlii>  iinjut'ssioiis  of  lcavt\s 
and  ^it'ins,  and  the  coal  also  comUU  of  vegetable  tibres  (p.  <i2b),  tlie 
Tegetable  origin  of  coal  is  beyond  all  reasonable  doubt. 

(2.)  Plemlg  ^tke  OmIL— The  plants  that  have  oontrilmted  moat  to 
the  formation  of  tlio  groat  beds  of  vogotalde  debris  which  were 
afterwards  c«)nv<Ttcd  into  coal,  arc  the  Snjlffands,  the  CalamUcs, 
and  the  Comjcrs,  with  the  LtpidixUndra  for  that  of  the  Lower  Cool 
meaBorea.  The  Oom/en  and  Lepidodendra  probably  spread  also  over 
the  dry  land  covering  the  plains  and  hills,  while  the  SigillaridM  and 
Valamitfx  wore  mainly  plants  of  the  great  marshes.  Along  with 
these  were  numerous  herbaceous  ferns,  but  rarely  tree-ferns:  even 
the  steins  of  the  small  ferns  are  not  common  in  the  coal  itself, 
though  abundant  in  the  n(-('(ini]>anying  siialos. 

(3.)  Tilt-  ]>l<inh  fithcT  land  ar  jWsh-iPater  species. — That  the  plants 
were  not  such  as  frequent  salt  marshes,  but,  on  the  contrary,  those 
of  the  land  or  fresh-water  marshes,  is  obvious  from  (1)  the  nature 
of  the  plania  thenuehres;  (2)  the  afaaenoe  of  sea^weeds  from  among 
the  speoios  of  the  coal  beds;  (3)  the  prosonoe  of  the  remains  of 
inserts.  It  is  not  possible  that  some  of  the  beds  have  originated 
from  the  vegetation  of  salt  marshes  and  others  from  that  of  the 
land  or  fresh-water  mamhes,  because  there  is  a  great  uniformity  in 
the  plants  of  the  several  beds*— shoirlng  that  all  are  of  one  mode 
of  growth  and  origin. 

(4.)  Coal  a  nsuU  of  tfte  decomposition  of  plants. — Mineral  coal  is 
shaply  the  element  carbon  along  with  some  kinds  of  bituminous 
substances  tliat  consist  of  carbon  and  hydrogen,  and  also  admixtures, 
small  or  large,  of  earthy  im|)uritios. 

Dry  vegetable  matter  consists  of  about  4U  per  cent,  of  carbon, 
6J  of  hydrogen,  and  44.6  of  oxygen.  The  ftrat,  the  essential  ele- 
UieDtof  the  coal,  is  solid  at  the  ordinary  temperature  ;  the  Other 
two  elements  are  gases.  In  the  doeompositii n  of  wood,  the  gnseous 
part  escapes,  canjringoff  part  of  the  carbon  in  combination  with  it, 
sad  leavea  the  rest  of  the  carbon  as  coal,  with  more  or  less  bitumen, 
dsffived  fWmk  a  union  of  some  carbon  and  hydrogen.  In  this  deoom- 
pfviition.  the  oxygen  may  combine  (1)  with  part  of  the  In  drogen  to 
form  water ;  (2)  with  part  of  the  carbon  to  form  carbonic  acid  or 
ctrbonic  oxyd ;  also  the  hydrogen  may  combine  with  the  oxygen  of 
the  atmosphere  to  form  water ;  or  some  of  it  with  some  of  the  carbon 
to  profUioe  carburetted  hydrogen  gas,  or  (with  or  without  oxygon) 
the  bituminous  substances.  By  these  means,  half  or  more  of  the 
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carbon  of  the  wood  is  lost  as  gas,  and  nearly  all  the  gaseous  ingre- 
dients besides.  It  has  been  estimated  by  Bischof  that  UK)  parts 
of  wood  will  not  muke  more  than  16  parts  of  anthracite  and  25 
of  bituminous  coal. 

Bischof  states  the  conditions  and  changes  as  follow : — 
Ultimate  constitution  of  wood,  anthracite,  bituminous  coal,  and 
asphaltum, — impurities  excluded  : — 


Wood.  Anthracite.      Bltaminou*  coal. 

Carbon  49.1  94.0-t  82.2  

Iljdrogen   6..3   1.75   5.5  

Oxygen  44.6     4.21  12.3  


AipbaUnm. 

....81.« 
....  V.6 
....  8.8 


If  the  escaping  gases  in  decomposition  an  earbonte  acid  and  earburetled 
h^driKjen,  tUc  loss  of  each  element  for  anlhmcito  and  bituminous  coal  would  be 
OS  follows : — 


Carbon... 
Hydrogen. 
Oxygen.... 


Fvr  AnthrnciU. 

for  BitvmimoHt  Coai. 

Wood. 

LoM. 

Cual  i«n. 

CiMl  left. 

LOM. 

Coal  left. 

Colli  l*n  In 

in  p.  c. 

1 

per  r««t. 

49.1 

34.57 

14.53 

94.04 

I  31.0 

18.1 

82.2 

6.03 

0.27 

1.75  1 

1  5.1 

1.2 

6.5 

44.6 

43.95 

0.65 

4.21  1 

:  41.9 

2.7 

12.3 

100.0 

84.55 

15.45 

lOO.OO  ' 

7S.0 

22.0 

100.0 

The  loss  for  the  anihracite  is  60.79  per  cent,  of  carbonic  acid,  and  24.12  of 
carburetted  hydrogen. 

If  the  escaping  gases  were  earbonte  acid  and  hydrogen,  the  last  forminf^ 
water  with  external  oxygen,  the  whole  loss  in  a  similar  manner  would  be — for 
anthracite  05  percent.,  leaving  35  of  coal ;  and  for  bituminuus  coal  581  per  cent., 
leaving  41i  uf  coal. 

If,  again,  the  part  lost  is  carbonic  acid  and  untcr,  both  derived  from  tho  ele- 
ments of  (ho  wood,  tho  amount  of  coal  left  in  cose  of  bituminous  coal  would 
be  about  54i  per  cent. 


Tliere  is,  therefore,  a  loss  of  three-fourths  of  the  wood  in  the  case 
of  bituminou.s  coal,  and  five-sixths  in  that  of  antliracite.  Besides  this 
reduction  to  one-fourth  and  one-sixth  by  decomposition,  there  is  a 
reduction  in  bulk  by  compression  ;  which  if  only  to  one-half  would 
make  the  whole  reduction  of  bulk  to  one-eighth  or  one-twelfth. 
Consequently,  it  would  t^ike  eight  feet  in  depth  of  compact  vegetable 
debris  to  make  one  foot  of  bituminous  coal,  and  twelve  feet  to 
make  one  of  anthracite.  For  a  bt>d  of  pure  anthracite  30  feet  thick, 
like  that  at  Wilkesbarre,  the  bed  of  vegetation  must  have  been  at 
least  3G0  feet  thick,  or,  allowing  for  impurities,  over  300  feet. 

(5.)  Impurities  of  the  coal. — The  impurities  of  the  coal  are  in  part 
derived  from  the  wood.   SUica  is  contained  in  the  exterior  part  of 
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nislies  and  many  otlier  plants;  and  thi'  would  nnnuin  in  the 
CouL  J^*ola*h  is  prei»eat  in  ull  vvgvtiitioa ;  but,  tui  iva  sulu  ure  solu- 
ble,  it  would  mainly  disappear  in  the  course  of  the  deoompoaition. 
Tracer  of  sulphur  occur  in  all  vegetable  matters  as  well  aa  animal, 
whether  micri>,icf>])ir  f>r  not,  which  might,  therefore,  be  presi'nt  in 
the  accumulating  h^d^ ;  and  tUits  sulphur,  by  combination  witli  iron, 
would  have  formed  common  impurity  in  ooal  beda. 

Impuritiea  were  also  introduced  aa  earth  or  clay.  Even  the  winda 
transi>ort  dust,  and  the  wat«Ts  cari*y  detritus.  Rotli  of  these  meaUB 
may  have  contributed  to  the  earthy  ingredients  of  the  eo.d. 

Waterti  may  also  bring  in  other  ingredients  t>«  aolution,  ixn  oxyd  of 
iron  in  combination  either  with  carbonic  acid,  sulphuric  acid,  or 
some  organic  acid ;  for  iron  is  carried  in  these  ways  (mainly  the 
l.i.«t)  into  all  iiiarshy  or  low  repions  from  the  liills  around,  being 
derived  from  tlie  decomposition  of  pj/iiks  (a  isulphuret  of  ironj  and 
other  inm  minerab. 

Sulphate  of  iron  would  lose  ita  oxygen  from  contact  with  decom- 
poaing  veg»'tation.  an<l  become  sulpliurot  of  iron  or  jiyritcs;  and 
this  is  another  source  of  pyrites.  In  tlu-  change,  the  oxygen  takes 
carbon  from  the  coal  or  decomposing  plants,  and  forms  carbonio 
acid,  which  paaaes  off  into  the  air,  and  leaves  only  sulphur  and 
iron,  to  make  sul[ihuretof  iron,  or  pyrites. 

(G.)  CiMil-iiKikinij  decomposition  tuki  f  pluct-  nnhj  \i)i<lfr  iratrr.  —  Where 
vegetation  decomposes  in  the  open  air,  all  the  carlntu  enters  into 
fsaeons  combinations,  and  is  lost  in  the  atmosphere,  only  traces 
remaiiiiiig  to  give  a  dark  color  to  the  soil.  II. -nee  foif>ts  may, 
with  each  autumn,  tlrop  tons  of  solid  mnt*  rial  to  the  •:roui)d,  nge 
after  age,  aitd  yet  little  remain  behind  to  indicate  the  cxi.->tencp 
of  that  vegetation.  But  where  the  bed  of  leaves  and  other  relics 
of  the  planta  is  covered  by  water,  ao  that  the  air  ia  mostly  excluded, 
the  decomposition  is  less  complete. — precisely  as  when  wood  is 
charred  in  a  half-smothered  tire;  a  part  of  the  carbon  remains 
behind,  ai  d  forms  coal.  These  principles  are  sustained  by  facts  in 
•11  parts  of  the  world.  Hence,  if  a  oontinent  were  spread  equally 
with  vegetation  from  the  equator  to  the  poloA,  it  would  form  and 
preserve  h<  ils  of  vefretahle  debris  and  fossils  only  in  its  marshy 
regions,  or  wlieru  tlie  relics  hud  been  swept  oft'  into  the  waters  and 
had  there  become  buried. 

2.  Atmoaphf.— 'The  growth  of  the  Garboniferous 
Te<retatinn  war  def>endent,  aa  now,  on  the  climate  and  the  con- 
dition of  the  atmosphere. 

(1.)  Temperature  qf  the  ocean  and  air. — ^In  the  animal  life  of  the 
waters  we  have  a  safe  criterion  tor  the  temperature  of  the  oceans. 
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Amon/»  tho  species  there  was  the  large  coral  lAthnstrntion  basah!/orme, 
common  in  l)oth  Europe  and  tlte  United  States.  One  such  species 
is  almost  sufficient  to  prove  a  similar  temperature  for  the  ocean 
over  these  three  distant  regions.  Tliis  Ldhnsirofmn  was  found  by 
Beechcy  on  the  northwest  Arctic  coast,  between  Point  Rarrow  and 
Kot/.elHio  Sound;  and  with  it  occurred  other  corals,  and  among  the 
Brachiopods  Pnxlucius  Mardni,  well  known  in  lower  latitudes.  The 
Arctic  was,  therefore,  at  that  time  a  reef-growing  sea;  and  if  tho 
distribution  of  corals,  forming  coral-reefs,  was  limited  by  the  same 
temperature  then  as  now.  the  waters  were  at  no  part  of  the  year 
below  0(1"  F,  Besides  the  alKive  species,  there  have  V>een  identified 
in  the  Arctic,  tho  European  8i>ecies  Pmductus  sufcatus,  AiryjM  aspcra, 
A.  /iillax:  these  were  found  on  Bathurst  and  the  neighboring 
islands,  in  latitudes  75°  and  77°, 

The  small  diversity  in  the  oceanic  temperature  of  the  globe  is  fur- 
ther shown  by  the  occurrence  of  the  following  <  'arhoniferous  species 
in  the  Bolivian  Andes: — Produciua  semirctictifat'i.^.  P.  hnfftspinut  Sovr., 
Atfiip-it  subt'dita  Hall,  and  a  Bi-llerophon  resembling  B.  L'rii  Fleming. 

The  coal  beds  of  the  Arctic  are  evidence  of  a  profuse  growth  of 
vegetation  over  an  extended  area  and  protracted  through  a  long 
period.  The  conditions  between  tlie  latitudes  70°  and  78°  were, 
therefore,  analogous  to  those  over  the  United  States  from  Pennsyl- 
vania to  Alabama  and  from  Illinois  to  Texas.  While  a  general  re- 
semblance to  the  ancient  flora  of  the  United  States  and  Euroj>e  is 
apparent  from  the  observations  which  have  been  made,  particular 
species  have  not  yet  been  identified.  The  plants  were  not  mosses 
of  peat  swamps,  such  as  now  extend  far  north.  If  we  draw  any 
conclusion  from  the  facts,  it  must  bo  that  the  temi>erature  of  the 
Arctic  differed  but  little  from  that  of  Europe  and  America.  Through 
the  whole  hemisphere — and,  we  may  say,  world — there  was  a  genial 
atmo-^phere  for  one  uniform  type  of  vegetation,  ond  lliere  were 
genial  waters  for  Corals  and  Brachiopotls. 

(2.)  Mnisturr  f)f  the  almosphert-. — A  warm  state  of  the  globe  would 
necessarily  imply  a  very  much  larger  amount  of  evaporation  than 
now.  Tlie  cliimite  would  be  insular  throughout,  and  heax-y  mists 
would  rest  over  the  land,  making  the  air  and  land  moist.  The 
comparatively  small  diversity  of  climate  between  the  equator  and 
poU>s  would  probably  be  attended  with  fewer  storms  than  now, 
and  a  less  rapid  movement  in  the  general  circulation. 

(.'i.)  Impuribj  of  the  almoxphcrc. — In  the  |»resent  era.  tlie  atmosphere 
consists  essentially  of  oxygen  and  nitrogen,  in  tlie  proportion  of 
23  to  77  parts  by  volume.  Along  with  these  constituents  there  are 
about  4  partd  by  volume  of  carbonic  acid  in  10,000  parts  of  air.  More 
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carbionic  acid  would  l>e  injurious  to  animnl  life.  To  vppptnblo  life, 
on  the  contrary,  it  would  be,  within  certain  limits,  promotive  of 
growth ;  for  plants  live  mainly  bj  meant  of  the  oarbonic  acid  th«gr 
neeive  through  their  leaveB.  The  carbon  they  contain  comes 
prinri|>;illy  from  the  air. 

This  being  so,  it  follows,  as  has  been  well  argued,  that  the  carbon 
whidi  i>  now  coal,  and  was  once  in  plants  of  different  kinds,  has 
some  from  the'  atmosphere,  and  therefore  the  atmosphere  now 
contains  less  carbonir  acid  than  it  did  at  the  beginning  of  the  Car» 
boniferous,  by  tli*-  nmoiint  stowed  away  in  the  roal  of  the  globe. 

Such  an  atmosphere,  containing  an  excess  of  carbonic  acid  as  well 
ai  of  moisture,  would  have  greater  density  than  the  present:  conse- 
qnently,  it  would  (1)  have  increased  heat  at  the  earth's  surfnce.  and 
this  would  be  the  cause  of  a  higher  t«'mj)erattiro  over  the  globe 
than  the  present.  (£.  B.  Hunt.)  This  density  would  (2)  tend  to 
dbnittish  the  rate  of  movement  in  the  atmospheric  ciroulation, 
sod  the  frequency  of  storms  or  violent  disturbances. 

Inuring  the  progress  of  the  CarboniftTous  pcrinrl.  there  was.  then, 
(1)  a  using  up  and  .storing  away  of  the  carbon  of  the  superfluous 
csrbonie  acid,  and.  thereby,  (2)  a  more  or  less  perfect  purification 
sf  the  atmosphere  and  diminution  of  its  density.  In  earlier  time 
tht  rc  had  b<>cn  no  aerial  animal  life  on  the  eartli ;  and  aji  late 
as  tlio  Carboniferous  period  there  were  only  rejttiles,  insects,  and 
pulmonate  moUusks.  The  cold-blooded  reptiles,  of  low  order  of 
vital  activity,  correspond  with  these  conditions  of  the  atmosphere. 
The  after-ages  show  an  increasing  elevation  of  grade  and  variety 
in  the  living  species  of  the  land. 

(4.)  Infiuenec  <(f  the  climate  on  the  grvwih  of  plants. — A  moist  warm 
dimate  producea  exuberant  growth  in  plants  that  are  fitted  for  it. 
The  plants  of  the  Coal  period  were  made  for  the  period.  The  S^U 
tvieand  Ca/ivnlfrs  manifest,  by  tlicir  characters  and  mode  of  occur- 
rence, that  they  could  flourish  only  in  a  moist  region  ;  and  the 
ferns  of  the  tropics,  as  well  as  Equiseta  everywhere  else,  lilte  moist 
woods.  The  Lqnthdtituhn,  by  their  association  with  the  Si^tknee  and 
FrrvM,  show  that  the  same  conditions  (a.s  is  now  the  case  with  their 
kin  the  Lycnpodiii'l  favored  their  development.  In  fact.  Lyeopodia, 
£quiseta.  and  most  ferns,  are  plants  that  like  shady  as  well  as 
Hoist  places.  Adding,  then,  the  prevalent  moisttwe  and  warmth 
to  the  excess  of  carbonic  acid  in  the  atmosphere,  we  should  be 
warranted  in  concluding  that,  i  ven  if  (!i<  r<-  was  le-<>i  stmshine  tlian 
»t  the  present  time,  vegetable  growtli  must  have  been  more  exube- 
nuit  than  now,  esitccially  in  our  colder  temperate  zonee.  This 
cmb^ance  would  not  have  shown  itself  in  tiiick  rings  of  growth 
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in  treos,  made  for  tho«c  very  conditionM,  but,  m  through  the  exist- 
ing tropics,  under  a  nioint  climate,  in  the  great  denseness  of  the 
jungles  and  forests,  many  plants  starting  up  where  but  one  would 
have  flourished  under  less  favorable  circum-Htances.  Our  peat 
Bwamps  are  often  referred  to  as  a  measure  for  the  growth  of  plants 
in  the  Coal  era.  Dut  thLu  is  an  assumption  not  based  on  a  due 
consideration  of  the  facts.  Tlie  peat  plants  of  the  present  day  are 
species  of  tlio  temperate  zone  alone,  and  are  too  different  in  kind 
to  warrant  a  comparison. 

3.  Qeneral  Geography  of  North  America. — The  Subcarbonife- 
rous  i>criod  was  a  time  mainly  of  submerged  continents ;  the  Car- 
boniferous, of  general  emergenee.  The  conglomerate  (Millstone  grit), 
with  whose  formation  the  Coal  period  began,  umrks  the  transition 
from  the  marine  to  tlie  land  period. 

(I.)  EfH)ch  of  the  MilUlone  grit. — The  areas  overgrown  by  Crinoids 
became  in  the  Millstone  epoch  covered  to  a  great  extent  by  pebbles 
and  sand.  These  coarse  beds  indicate  strong  currents  or  heavy 
breakers ;  and  such  would  sweep  the  surface  during  an  epoch  of 
slow  emergence.  The  great  thickness  and  coarseness  of  the  beds 
through  Pennsylvania,  along  the  Appalachian  region,  point  out 
that  this  was  the  lx>rder  reef  of  the  continent  and  the  region 
of  great  subsidences.  The  more  sandy  character  of  the  beds  of 
this  border  in  Virginia  harmonizes  with  the  general  fact  in  earlier 
time  ;  and  so  also  do  the  little  thickness  and  finer  character  of  the 
be<lsof  Ohio  and  eastern  Kentucky, — a  region  on  the  inner  margin 
only  of  the  subsiding  Appalachian  area,  not  participating  in  the 
great  change  of  level. 

The  coal  beds,  in  this  epoch  of  the  Millstone  grit,  also  show  that 
the  continent  was  in  this  semi-emerged  condition;  for  every  such 
bed  is  proof  that  areas  of  land  were  here  and  there  above  the 
ocean,  where  plants  could  grow. 

(2.)  A/wr/t  of  the  Coal  Meajture.t. — As  the  plants  were  land-plants, 
and  the  beds  cover  a  vast  area  stretching  almost  continuously  from 
the  middle  or  eastern  border  of  the  Appalachian  region  to  the  far- 
ther limits  of  Missouri  and  Kansas,  this  great  continental  region  is 
safely  regarded  as  at  times  beyond  the  reach  of  the  ocean.  The 
emergence,  going  on  in  the  Millstone-grit  epoch  by  slow  steps  of 
progress,  ended,  therefore,  in  a  great  increjise  of  the  continental 
lands.  They  not  only  extended  from  the  remote  Arctic  down  to 
southern  New  York,  but  they  spread  west  and  south, — west  beyond 
Missouri,  and  south  over  Tennessee  and  part  of  Alabama.  Farther 
west,  there  were  limestones  of  the  Coal  Measure  epoch  forming, 
instead  of  coal;  and  tluvsc  indicate  that  the  old  interior  sea  still 
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cOfwed  tiie  dopes  «iid  Bammito  of  the  Boeky  Moonteint,  and  OT«r 

these  meridians  the  wat«-i-s  may  have  connected  with  the  Arc  tie 
Oc«an.  Tho  limestones  of  Point  Barrow,  at  tlio  farther  extremity 
of  tlie  Rocky  Mountain  range,  may  be  of  the  bame  age. 

A*  single  ooel  beds  in  the  eerUer  pert  of  the  series  appear  to 
hsTe  linil  a  very  wide  range,  it  is  Mfe  to  conclude  that  Uie  great 
central  coal  area  stood  nearly  at  a  common  lovel, — that  the  region 
was  a  vast  plain,  with,  at  the  most,  only  gentle  undulations  in  the 
iniboe  hrMilcing  its  continuity,  and  with  the  higher  land  miunly 
ever  the  Aaoio  sad  l^nrian  lands  to  the  north.  There  were  no 
Appalncliians,  for  thin  vcrj'  rcfrion  wa«  a  part  of  tli«>  prrat  coal- 
making  plain ;  there  wore  no  Kocky  Mountains,  for  tlicsc,  as  the 
Ckfboniferous  limestones  prove,  were  mainly  under  the  sea. 

Being  thus  level,  there  oonld  have  been  no  great  KissiMipi^,  and 
no  sufficient  drainage  for  the  continent :  and  the  wide  ])lains  would 
have  necessarily  been  marshy,  and  spotted  with  shallow  lakes. 

Eastward  there  was  another  sinulur  level  area,  in  Khode  island 
tad  eastern  Massachusetts,  which  probably  extended  northwest* 
ward  over  the  Nova  SooUa  Coal  field  to  the  interior  of  New- 
foundland, covering  more  or  h-^s  of  Massachusetts  Bay,  eastern 
Maine,  Nova  Scotia,  New  Brunswick,  and  the  Gulf  of  St.  Lawrence. 
The  continent  in  that  direction,  therefore,  had  for  the  time  its 
{wesent  enlarged  limits,  and  probably  spread  even  beyond.  Near 
the  present  mouth  of  the  St.  Lawrence  mu«t  have  emjitied  the  j)rin- 
cipal  river  of  the  continent;  for  in  the  back  country  at  that  era 
there  were  mountains  of  moderate  elevation,  to  poor  watem  into 
snch  a  sta«am,— the  Azoic  h^hts  of  northern  New  Torlc  and  Canada. 

Over  these  mar?«hes,  then,  grew  the  clumsy  Siqllfanrr  and  (^"nfumitfj!, 
and  the  more  graceful  Lcpulodcndra  and  i'in,ij,is,  with  an  under- 
growth of  ferns,  and  upon  the  dry  slopes  near  by,  forests  of  Lepido- 
dendn  and  Orn^fon;  and  the  luxnriant  growth  was  prolonged  until 
the  creeping  centuries  had  piled  up  vegetable  debris  enough  for  a 
coal  b<'d.  Trees  and  shrubs  were  expanding,  and  shedding  their 
leaves  and  fruit,  and  dying,  making  the  accumulation  of  vegetable 
remains.  Islands  of  vegetation,  like  those  now  occurring  in  India, 
may  have  floated  over  the  lakes  and  contributed  to  the  vegetable 
debris.  Stumps  8too<l  nn<l  <Iccayed  in  the  swamps,  while  the  debris 
of  the  growing  vegetation,  or  detritus  borne  by  the  waters,  accu- 
mnlnted  around  them,  and  their  hollow  interiors  received  sands, 
cr  leaves,  or  bones,  or  became  the  haunts  of  reptiles,  aa  was  their 
chance. 

Where  the  floating  ulands  and  other  vegetation  were  drifted  out 
into  saltwater  bays,  the  ooal-hed  accomuhttions  might  contaia 
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marine  ehells, — a  fact  observed  in  moro  than  one  case  in  the  coal 
of  the  United  8t«te«. 

As  already  explained,  there  is  no  reason  to  suppose  that  the  vege- 
tation was  confined  to  the  lower  lands :  it  probably  «j)read  over  the 
whole  continent,  to  its  most  nortliern  limits.  It  formed  coal  only 
where  there  were  marshes,  or  the  deposits  of  vegetable  debris  be- 
came covered  by  water-deposits  of  sand,  clay,  or  other  rock-mat erial. 

4.  Phases  In  the  progressing  Carboniferous  period. — The  con- 
dition of  the  continent  which  has  been  describecl  represient*  only 
one  phase  in  the  Carboniferous  period.    The  rocks  register  a  suc- 
cession of  changes ;  for  coal  beds  are  succeeded  by  sandstones,  or 
shales,  or  limestone^i.or  iron-ore  beds,  and  many  alternations  of  the*e 
beds,  to  a  thickness  fifty  times  as  great  as  that  of  the  coal  beds. 
These  intervening  strata,  moreover,  may  be  fresh-water  or  marine: 
in  the  one  case,  with  fresh-water  shells  or  other  inland  sjiecies  ;  in 
the  other,  full  of  Crinoids  and  Brachiopods,  the  life  of  the  sea.  The 
great  extent  of  the  continent,  wherever  these  strata  occur,  under- 
went, therefore,  continued  ascillations  of  level,  or  the  sea  as  un- 
ceasing changes  of  wat<«r-level.    After  a  period  of  verdure  there 
followed  a  desolation  as  complete  as  that  when  the  lower  Millstone 
grit  was  spread  over  the  surface, — either  a  subsidence  of  the  interior, 
or  some  other  change  that  led  to  a  general  submergence  beneath 
fresh  waters,  or  a  movement  or  removal  or  sinking  of  barriers, 
that  placed  the  whole  beneath  salt  water:  in  either  case,  the  former 
vegetation  gave  way  to  the  water-life  again,  and  the  broken  relics  are 
often  packed  together  in  the  first  deposits  that  ensued.  The  oscil- 
lations must  have  been  exceedingly  various  to  have  produced  all 
the  alternations  of  shales,  sandstones,  limestones,  and  ore-beds. 
They  must  have  been  also  slow  in  progress:  motion  by  the  few 
inches  a  century  accortls  best  with  the  facts.    The  continent  may 
have  rested  long  near  the  water's  surface,  just  swept  by  the  waves. 
It  may  have  been  long  a  region  of  barren  mai-shes;  and  in  this 
condition  it  might  have  received  its  iron-ore  deposits,  as  now  marRhee 
become  occupied  by  bog-ores.    It  must  )»ave  been  long  in  somewhat 
deeper  waters,  and  covered  with  a  luxuriance  of  marine  life. 
Finally,  the  land  escaped  again  from  the  waters,  and  the  old  vege- 
tation spread  rapidly  across  the  great  flats,  commencing  a  new  era 
of  coal-making  vegetable  debris:  or  the  escape  was  only  (>artial, 
and  coal-plnnts  took  possession  of  one  part  and  made  limited  coal 
deposits,  while  the  sea  still  held  the  rest  beneath  it;  for  uniform 
oscillations  of  level  in  all  cases  through  so  great  an  area  are  not 
probable,  and  therefore  the  former  continuity  of  a  single  coal  bed 
through  the  East  and  West  requires  strong  proof  to  be  admitted. 
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Should  a  genotd  nalmiarganoe  be  proved,  it  romains  n  question 
whether  tlie  lowering  of  the  sea-lovcl  on  tlie  huid  \vi%8  due  to  a 
rising  of  tiie  Uuid.or  u  deepening  of  the  ocean'ti  bod  cuubing  a  with- 
dnundof  the  wftten;  for  the  ocean's  bed  htm  ever  beea  m  lUble  to 
oscillations  as  the  oonttnentel  pert  of  the  crust,  aad  the  effects 

should  have  been  as  miu-h  greater  than  tlio<e  from  the  oscillating 
land  as  the  area  of  tlie  ocean  is  greater.  Whichever  be  the  mode, 
the  movements  would  generally  have  hem  suoh  as  would  become 
s|)|iieeiable  only  by  the  lapse  of  many  yean  or  a  century. 

In  Xovn  Scotia  these  changes  went  on  until  14,570 feet of  depodts 
were  formed ;  and  in  that  space,  as  has  been  stated,  there  are  76 
coal  :ieHm.s  and  dirt-beds,  indicating  as  many  levels  of  verdant 
Adds  between  the  others  when  the  waters  prevailed.  In  Pennsyl- 
vania  there  are  nearly  3000  feet  of  rocks  in  the  series,  and  00  to 
120  feet  of  coal. 

The  coal  beds  arc  thin,  compared  with  the  assooiated  rocka.  But 
the  time  of  their  aooumulation,  or  the  length  of  all  the  periods  of 
TCidare  together,  may  have  far  exceeded  the  time  that  was  given 

up  to  the  accuniulntion  of  sands  and  limestones.  If  there  were 
but  KK)  teet  of  coal  in  all,  it  would  corresj)ond  to  between  ')i^0  and 
1000  feet  in  depth  of  vegetable  debrin.  The  sands  and  clays  cume 
in  after  each  time  of  verdure  to  store  away  the  product  for  a  future 
sge. 

In  the  Novn  Scotia  Coal  measures  there  is  evidence  in  the  fossils 
that  the  waters  in  which  were  accumulated  the  rocky  layers  that 
falenrene  between  the  coal  beds  were,  to  a  large  extent,  fresh  or 
brackish.  The  occurrence  of  a  SjfrinMM  along  with  the  Pupa  and 
Reptilian  remains  in  the  Sigillaria  stump  has  been  consiflered  as 
evidence  in  this  partirular  case  of  the  jtresencc  of  bracki.'^h  water 
during  the  burial  of  the  stump.  There  are  but  few  bed^t  in  the 
whole  thickness  of  the  Nova  Scotia  Cost  formation  that  contain 
marine  fossils.  The  land-snail  (Pupa)  occurs  in  another  bed — an 
nncler-olny — over  I'JOO  feet  below  the  level  of  tlie  stump  in  which  it 
Was  first  found ;  and  in  this  interval  there  are  twenty -one  coal  seams, 
sbowing,  as  Dawson  observes,  that  the  species  existed  during  the 
growth  and  burial  of  at  least  twen^  forests.  It  proves  the  terres- 
trial charaeter  of  the  coal  vegetation. 

In  the  InteriorContinental  region,  the  submergence  attending  the 
fennation  of  these  intervening  rocks  was  mostly  or  wholly  marine ; 
ftc  an  the  fossils  thus  for  obswved  are  those  of  marine  species, 
tnd  they  occur  in  many  strata  of  limestone,  sandstone,  and  shale 
througliDut  the  T'oal  measures.  Over  the  great  ^laTiiinoth  hod  of 
Wilkesbarrc  there  aiu  shales  (at  the  township  of  llauuverj  con* 
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tftining  marine  sheik.  The  thhmer  ahalcfl  among  the  coal  beds  and 

limited  nronacoous  layers  may,  however,  have  been  formed  when 
the  marshes  became  flooded  with  fresh  waters;  while  the  great 
sandstones  and  limestones  and  thicker  shales  are  all  eridettoe  that 
the  former  fteeb^vrater  marsh  was  feUowedt  thiongh  sabmergenoe, 
by  a  floofl  of  marine  waters.  The  extermination  of  the  Lepido- 
dendra  of  the  Lower  Coal  measures  was  probably  connected  with 
such  u  submergence. 

The  Lower  Goal  measmes  extend  to  the  most  ea^em  limita  of 
the  anthracite  in  Pennsylvania,  and  contain  but  little  limestone 
either  in  the  east  or  west.  The  Ui)per,  above  the  Pittsburg  Ih*<1, 
roAch  ea»t  only  over  the  western  portion  of  that  State.  Tliis  more 
western  limit  shows  plainly  a  rising  of  the  ooantty  move  to  the 
east  to  a  height  that  was  too  dry  for  the  marsh^vegetatioil  <tf  wllieh 
coal  was  made.  W*-  observe,  further,  that  limestones  are  common 
in  the  Upper  Coal  measures,  and  they  increase  much  going  west- 
ward; and  finally,  aa  has  hem  stated,  they  pfevaUaxtemifely  of«r 
the  larger  part  of  the  Booky  Mountain  region. 

The  soal  bed  itself  bears  evidences  or  alternations  of  condition  in  its  own 
Inminntion,  ur  oven  in  the  altcmntinns  in  it.-<  >^liii(l<'s  of  enlor.  A  hiyor  an  eighth 
of  an  inch  thick  conespondi  to  an  inch  ut  least  of  the  accumulating  rcgct«ble 
renains ;  and  hsaes  the  regularity  end  del  icacy  of  the  stmetun  are  not  sniprlslag. 
Alternations  are  a  cunMquenceor(l)  the  periodieity  in  tlie  growth  of  plants  and 
the  shedding  of  leave*;  (2)  the  periodicity  of  the  aeajions,  the  altcmationa  of 
the  season  of  ioeds  witli  the  season  of  lom  wsisrs  or  eosipstatife  diyasss;  (8) 

the  oceorrence,  nt  infcrvnls  of  several  year^,  of  execffivc  floods.  Floods"  may 
bring  in  mure  or  Icm  detritu«,  besides  influencing  the  fall  and  distribution  of  the 
Togotatloa.  In  sons  oondltions»  tbore  weald  bo  a  long  sleoplDg  of  the  Togn- 

tatinn  in  the  waters  before  it  was  put  umler  the  prcs-'iirc  of  beds  of  slaj  Of 
sand ;  and  the  precise  quality  of  the  coal  would  be  varied  thereby.  As  deeoB- 
fioritlott  of  tbo  Togotatton  dependiag  on  tbs  amonnt  of  water,  As  oowpasitiea 
nf  that  water,  anil  the  U-tiKth  of  tiSMSSpOSSd.  Ne^vlicrrv  has  suggested  that  bito- 
mtnous  coal  baa  Uken  the  form  of  Csaasl  wbea  the  vegetation  was  redaood  to 
a  psiflMt  palp  at  tbs  tiaw  of  tbs  disags  to  oosL 

CbiwAtnwi.— The  Goal  period  was,  then,  a  thne  of  unoeanng  ehange, 
—eras  of  universal  verdure  alternating  with  others  of  widespread 

and  destructive  waters,  destructiv  of  nil  the  vegetation  and  land- 
life  except  that  which  covered  regions  beyond  the  Coal-measure 
limits.  Aooording  to  the  reading  of  the  recortls,  it  was  a  time  of 
great  forests  and  jungles,  and  of  magnifieent  Miage,  bat  of  few  or 
inconspicuous  flowers ;  of  Aeropens  and  Conifers,  with  no  Angio- 
sperms;  of  marsh-loving  insects,  Myria{K>da  and  Scorpions  as  well  m 
Cnistaoeans  an<f  Worms,  representatives  of  all  the  classes  of  Arti- 
oolatei^  but  not  the  higher  inseota  that  IWa  among  llowon;  of  tka 
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liil«f  file  MoUtti.  tad  fhe  panbig  dinuuc  of  the  BrftoUopods 

and  Crinoids;  of  Ganoids  and  Sharks,  but  no  Teliosts  or  Osseous 
Fishes,  that  make  up  tlio  f.'reiitor  part  of  the  modern  trihos;  of 
Amphibians  and  some  inferior  species  of  True  Reptiles,  but  no 
Bifdi  or  Mammal* ;  and  thw^Mw  thevt  waa  no  muaio  in  the  groTeB» 
mm,  ftthMpt,  tihal  of  inaeot  life  and  the  oroaking  Batraehian. 
Thus  far  bad  the  world  fwogreaied  hj  the  doaeof  the  Cbrboniforona 
period. 

The  special  history  of  the  Coal  period  of  Europe  and  Britain 
nl^i  be  followed  out,  as  haa  been  done  for  North  America.  But 

it  would  illttBtrat«  no  new  principles,  and  would  be  more  appro- 
priate in  a  poncral  f  rt'iiti<o  than  in  a  text-lx>ok.  More  facts  are  to 
be  ascertained,  before  the  ileUuls  of  the  history  are  as  clearly  de- 
ciphered. 

3.  PEKMIAN  rKKIOD  (15). 

The  Permian  pcrioU,  the  closing  era  of  the  Carboniforous  apo, 
WM  a  time  of  decline  for  Paleeozoic  life,  and  of  transition  towards 
taeir  phase  in  gedogical  biitiny. 

The  term  Permian  was  given  to  the  rocks  of  the  period  by  Mar> 
chi>on ;  it  alludes  to  the  district  of  Perm,  in  Bumia,  which  i»  cha- 
racterized by  this  formation. 

No  division  of  the  Permian  pwiod  in  America  into  epochs  has 
been  reoognized. 

1.  AMBBIOAN. 

I.  Rooks :  kinds  and  distribntlon. 

The  Permian  rooks  are  confined  to  the  InUrkrOMbutOol  iatbt, 

and  occur  in  the  portion  of  it  west  of  the  Mississippi, — especially 
b  Kansas,  and  some  parts  of  the  east<^rn  slope  of  the  Kocky  Moun- 
tains. They  overlie  conformably  the  Carboniferous  ;  and,  as  the 
lodcs  make  one  oontinnoua  seriea,  it  is  difficnlt  to  determine  the 
lintt  between  the  two  fmrnaitions. 

laNebraska  and  Kansas,  they  outcrop  along  the  weetom  bonier  of  theOadboaU 
tawungion,  in  a  strip  running  from  Nebraska  City  southward  (or  a  little  w«ii> 
ofwith),  and  also  in  patches  to  the  cast  of  this  range.  On  the  map,  p.  13S, 
the  Permian  is  distinguished  hj  light  dots  on  a  dark  proand.  The  b«ds  oeeor 
»lw  about  the  Black  Hills  {near  lut.  44°  X.  ami  lonp.  lOl"  W.).  on  the  cnptcm 
•iupeof  the  Big  Horn  Mountains,  and,  acuordiiig  to  Sbumard,  in  the  Uuadalupo 
MMstiias  la  K««  If asiee. 

The  rocks  are  limestones,  sandstones,  red,  greenish,  and  gray 
nris  or  ahalea,  gjpsom  beds,  and  conglomerates,  among  which  the 
UMstones  in  some  regions  predominate. 

26 
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The  whole  thickncci  made  out  by  Swallow  <l  Hawn  is  abont  820  feet,  and 
of  this  263  fe«t  arc  called  the  Cppf  Permian,  and  the  rest  the  Lotrcr.  Meek 
A  Hajden  refer  tho  Lower  division,  with  good  reason,  and  also  a  part  of  tb« 
Upper,  to  the  Upper  Coal  measures.  The  litucstoncs  are  ufuolly  impure,  and 
also  magncKian,  like  muitt  of  the  limestones  of  tho  aume  region  of  older  date. 
Thejr  are  generally  rather  soft  or  irregular  in  ntructure,  and  much  intcrlami- 
nated  with  clayey  or  arenaceous  beds ;  some  of  the  layers  contain  hornftone. 


n.  Iiife. 

Nothing  is  yet  known  respecting  tlic  American  Permian  flora. 

Allowing  the  Permian  the  widest  range  attributed  to  it,  the  ani- 
mal upeeies  ure  ratlier  numerous ;  but  they  include  many  Carboni- 
ferous forms,  and  among  them  Crimids,  an  Arrhtroridnris,  and  a 
Trilobite  of  the  genus  PhiUifma,  besides  Mollusks.  But,  restricting 
the  period  only  to  tho  upper  vtrata,  which  are  recognized  by  all 
investigators  as  Permian,  there  arc  only  a  few  Mollusks. 

The  species  here  figured  occur  in  the  uppermost  beds  (Permian  of  M«ek  k 
Uayden).  Fig.  Gil,  Mmnttin  Hnwni  M.  k  II.,  east  of  the  outside  of  the  left 
valve;  611  a,  cast  of  tho  interior  of  tho  right  valve  of  the  same.  The  genus 
JUoHoti*  is  related  to  Ariculn  :  it  has  an  opening  bi-low  the  beak  for  the  passage 
of  the  byssus,  as  shown  in  tho  figure.  Fig.  612,  Mj/atina  perntttnnniit  M.  k  U. ; 
fig.  613,  liaktterllin  parea  ;  fig.  614,  Pleiiropkorut  tubeuneatu*  M.  k  II. ;  fig.  615, 
•bell  of  a  small  undetermiDed  Oatieropod. 


FIjrs.  All -41 5. 


MOLLCSKS.— Fit;*,  oil,  611  a,  Mnnoti^  llnwni ;  613,  Myalina  p«rattrnitaUi:  613.  BakewelilA 
parva;  014,  I'k-uropburns  luljcuni'stus ;  615,  an  undetermined  Oaaleropod. 


Among  the  species  of  Mollusks  from  the  beds  referred  to  the  Permian  by  Swal- 
low, 75  in  number,  one-fifth  occur  also  in  tho  Carboniferous  beds  below.  Thea« 
Carboniferous  species  are  mainly  those  of  wide  range,  as  shown  in  the  following 
catalogue : — 
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Streptorhynchus  Umbraculoin  (If.  SM).  Cbonetes  Flemingii  N.  A  P. 

**  If iMouiaiib  BwaUow.  RhyBflkonelU  Onfeniti^  SmIL 

l^iriftr  eunentuA  (fl;;.  591).  Athyrii  >:tit>tilit:i  Hall. 

*    pluocoDvexusSbumard  (— S.  Urii?)  Mytilua  rectus  Shumard. 

^  *  paotloifenur  Sow.  Mydin*  mliqiiadnito  Shonwrd. 
Pndnctuf  cemireticulatus  ffi?.  229)  Martin.         "      Kiiiis.i-on>is  Shumard. 

"        Rogeni  (fig.  692)  N.  ±  P.  AUorinu  Minnehaha  SwaU. 

**       sqnletMtaitaa  SbuniaH.  Vatieoptli  Prleel  Sbomard. 

The  ipeeies  JiomttU  Haiti  Swallow,  and  two  or  three  others,  ocoar  in  both 
Ui  Upper  ud  Lower  Pemfau.    M.  Hawmi  M.  A      JH  eeiwwea,  Baktm^Hm 

wnSfttt,  Salen(?)  PtrminnHt,  SchitodHM  RowicM,  JfitrvAiMMiia  nibaujutnla 
NnmHltu  Permianua,  OrtlUKtrat  JKiekafootM*,  (^rtoetnu  dornHwrn,  are  fooad 
only  in  the  Upper. 


2ZL  0«ik«ral  ObMimttloiii. 

The  several  points  vest  of  the  Mississippi  at  which  the  PermiMi 

rocks  heve  been  found,  prove  at  least  their  wide  distribution  over 
the  Rocky  Mountain  slopos,  althouph  now  to  a  proat  rxtont  covered 
by  strata  of  later  date, — the  Triassic,  Jurassic,  Cretaceous,  and  Ter- 
tbry.  We  obeenre  the  IMlowing  fiwts  connected  with  the  period :  (1.) 
The  beds  era  Apperwitly  all  marine  strata,  for  the  fossils  are  marine. 
(3L)inienutnf'rou-  alternations  botwepn  impure  limc-itonp-;  :itu1  days 
Md  M)tne  sand  deposits  indicate  oscillations  through  the  period  in  the 
depth  of  water  between  moderate  depths  and  very  shallow  waters. 
(3.)  The  absence  of  coal  beds  is  proof  of  no  fresh<water  GarbcwiK 
ferous  mar«he8  in  the  rogion.s  where  tlio  rooks  liave  thus  far  been 
examined.  (4.)  The  non-oocurrencf  of  th.  -ic  marine  strata  over  th« 
Kgion  east  of  the  Mississippi  (with  perhaps  a  single  exception  near 
the  river  in  Illinois)  seems  to  show  tfiat  this  eastern  part  of  the 
flontinent  was  dry  land.  Early  in  tlie  Carboniferous  period,  the 
P<'nn'<ylviinia  region  was  raised  unil  became  dry  even  of  its  old 
marshes,  for  only  the  lyiwrr  Coal  measures  occur  there ;  and  in  the 
Ptemian  period,  as  it  appears,  the  dry  region  had  extended  so  as 
U>  include  all  the  country  east  of  the  Mississippi.  (5.)  The  beds 
•V'cur  within  the  same  region,  or  on  the  borders  of  the  same  n'pion, 
in  which  the  Coal  formation  during  tlie  Carboniferous  period  was 
represented  by  limestones  ;  that  is,  in  the  great  interior  sea  which 
Ittd  so  long  existed  as  the  Falseoioie  representative  of  the  Gulf  of 
Xoioo, — a  comparatively  shallow,  but  extensive,  inland  sea  stretch- 
ins  northward.  The  |>re«ent  w.'>tern  linjit  of  tlie  Gulf  is  nearly  in 
&  north-and-south  line  with  the  western  boundary  of  the  State  of 

The  ezistenoe  of  these  Permian  depoeits  is,  then,  owing  to  a  c(m- 
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tinuation  of  the  conditions  that  characterized  the  Carbonifevoos 
period.  That  ex«,  limwtone^naking  orer  these  weetern  r^ou, 
WM  prolonged  into  another  when  the  limestones  formed  still,  bok 

with  numerous  interruptions  by  clavHlcpositions;  and  these  alter- 
nations were  perhaps  due  to  an  increasing  frequency  in  the  oscillfep 
tion*  and  slMllowiieM  of  the  watm. 

The  beds  ere  oontinuous  with  Uie  Gsihoniferous,  without  intei^ 
ruption  or  unconforniability,  and  yet  are  trua  Permian,  berause  they 
belong  to  the  Permian  period  in  geological  time, — a  fact  indicated 
by  the  identity  of  genera,  and  the  close  analogy  of  the  species  of 
foidlawith  the  Penoian  of  Europe. 

2.  FOREIGN  PERMIAN. 

L  Rocka :  kinds  and  distribution. 

The  Permian  strata  of  Kngland  occur  in  view  along  the  borders 
of  the  several  coal  regions,  excepting  that  of  iSouth  Wales.  Thqr 
occupy  a  small  area  iu  Irdand  about  the  Lough  6f  Belftwi.  Thcgr 
consiBt  of  red  muidghne  and  martt  overiaid  by  magHeaUm  KnteilUme. 
In  Europ«^  the  Permian  bods  in  like  manner  bonier  directly  upon 
the  Coal  measures,  and  the  rocks  are  similar  in  general  character 
to  those  of  England. 

The  Permian  beds,  before  their  relations  woe  oorreotly  made 
out,  were  included,  along  with  part  of  the  Triassic,  under  the 
name  "  New  Bed  Sandstone,"  and  also  the  "  Poikilitic  group." 

Shsj  oooar  in  centrtl  Germany  from  southern  Smwonj  along  tha  Erz  Muun- 
triai^OTsr  Um  small  German  Stutco,  west  t«  Hesse  Casid  aad  aorth  lo  the  Haiti 
Moantalns  aad  Henover,  e4)oining.   Wtthia  this  area  HaasfUd  b  eee  aoted 

locality,  situated  in  I'ru^^inn  Saxony,  not  far  from  Eitleben;  another  is  on  ths 
sonthwest  borders  of  the  Thnringian  forest  (ThUringerweld),  in  Saxe-Gutha,  a 
line  whiah  is  oontinaed  on  to  the  northwest  by  Eisenach  towards  MUnden  in 

southern  Germany. 

In  Rnssia  tbe  Permian  formatieB,  aeoordlng  to  Mnrchison,  eorers  a  nt^\im 
twloe  the  sis*  of  France,  extending  orer  the  districts  that  lie  along  the  wwt  sid* 
of  the  Urals,— Vologda,  Perm,  and  Orenburg. — and  others  mon  to  the  WSSt^saJ 
thus  including  the  country  b«tween  the  Volga  and  the  Urals. 

In  Thnringia  and  Saxon/  the  subdivisions  of  the  rooks  are  (I)  the  red  beds 
(or  roihe  todu  lityeitdt,  Rtd  d«ad  layers^— a  saadston*  so  seOsd  Vwutt  tbo  Ms 
are  red  and  contain  no  copper),  ovprlnid  by  the  copper  slates  {Kup/trtchtr/cr,— 
a  olaj-slate  worked  for  its  cupper  at  Mansfeld).  2.  The  magaesian  limestona^ 
soBsiating  of  (a)  Lower  ZecAsfeAi,  a  gray,  oarthy  lISMStOM;  (h)  Vfp»MtthM*f 
(e)  Rnncknackr,  a  nhalo  partly  calcareous  and  concretionary  :  Sh'nktUm, 
SB  impure,  fetid  limestone.   The  limestone  in  England  has  foar  divisiona: 
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(•)  eompaet ;  (b)  fouiliferooa ;  (e)  breooiatcd ;  and  (d)  orjiUlline  ud  othflr 
liiDMtonec 

In  RuMim  there  kk  maf^ndian  limeatonM  interlaininatcd  with  undttones, 
and  marl*  of  various  colorti,  with  some  gypsum,  and  an  occasional  thin  Mam  of 
«o«L 

T1i«  coincidcDM  is  worth  noting  that  the  Permian  rocks  of  Rnaiia  or  interior 
Europe  lie  between  its  great  rirer  the  Volga  and  the  summit  of  the  Ural  Moun- 
tains, just  as  in  interior  North  America  they  occur  between  Its  great  river  the 
Mississippi  and  the  Rocky  Mountain  summits.  It  may  be  that  on  both  conti- 
aeats  the  region  between  the  great  river  and  the  ocean  had  been  raised  aboT« 
the  sea  daring  the  preceding  changes. 

n.  Life. 

1.  PlanU. 

The  Permian  plants  are  closely  related  to  those  of  the  Upper 
Coal  mea.surea.  They  are  mostly  of  the  same  genera,  and  in  part 
of  the  same  specieg.  There  arc  Cnlamites  and  Equisetn,  many  ferns, 
including  tree-ferns,  and  a  number  of  Conifers  :  yet  tho  prevalence 
of  some  new  kinds  gives  a  somewhat  different  aspect  to  the  flora. 
Among  the  trees  those  of  the  genus  Walcfiia  (fig.  616  C)  are  most 
characteristic. 


The  Ferns  are  of  the  genera  XeuropUrtt,  SpMtnopteri$,  Peecpterit,  etc.,  and 
there  are  also  ipecies  of  AtlerophtflUtet  and  Anuulun'a,  as  well  aa  Calamit«$, 

Fig.  6ie. 


np.ei«  A,  A',  Nenropterls  LoKhii;  616  B,  B',  Anoularia  carinnU;  916  C,  Walcfata  pini- 

formb. 

Coal  Measure  genera.  On  the  other  hand,  there  are  no  SiffillartM.  The  CoDifer* 
are  mure  varied :  they  Include  Araucaritet  (Dadoxjflon),  Finite*,  WaUkia,  etc. 
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The  ^nni  Walekii,  characterixed  by  lax  and  very  tbort,  (preading  leaves. 
bcKan  near  the  close  of  the  Carboniferous  |>eriod,  bat  is  much  more  numerous  in 
species  during  the  Permian.  Tree-ferns  of  the  genus /'tarontM  are  common,  as 
in  the  Upper  Coal  measures. 

Fig.  616  A,  pinnule  or  branchlet  of  a  large  frond  of  Stnropttrii  Lottkii,  a 
•pecics  common  also  in  the  Coal  measures ;  \',  a  portion  showing  the  venation. 
Pig.  616  B,  a  small  part  of  a  specimen  uf  vtiiHu/nrta  eariuata  Sternberg  :  the  stem 
Lb  jointed,  as  in  the  Kquiseta,  and  gives  off  branchlcts  at  the  articulations; 
these  branchlcts  are  also  jointed,  and  have  whorls  of  leaf-like  apjiendages  at  the 
articulations;  in  G16  B,  only  the  first  joint  and  its  whorl  are  shown,  of  natural 
site;  in  B'  a  branch  is  shown  (of  reduced  siie),  consisting  of  its  several  joints 
and  whorls,  but  the  natural  termination  is  wanting.  Fig.  616  C,  WaUkia  pimi- 
formit  Sternberg.  The  figures  are  from  the  work  of  Ooinitt  and  Qutbier  on 
the  Permian  of  Saxony. 

2.  Animab. 

Corala  of  the  CyathophyllHrn  family,  Brachiopods  of  the  genert 
Pmductus,  Spirtfer,  and  Orthis,  Ceplialopodi)  of  the  genera  Conularia 
and  Orthocrras,  and  Ganoid  finlies,  with  vertcbrated  or  hetero- 
oercal  tails,  give  a  PaIaH>zoic  character  to  the  Fauna.  But  there  are 
many  new  features :  among  these  the  nio«it  prominent  is  the  a|>- 
pearance  of  Lacertian  Reptiles  of  the  trihe  of  Thecodonts, — epecies 
having  the  teeth  set  in  sockets,  as  the  name  (from  the  Greek)  implies. 
This  transition-character  is  apparent  also  in  the  number  of  old 
animal  as  well  as  vegetable  types  tliat  hi*re  fade  out, — for  it  is  the 
I)eriod  of  the  last  of  the  species  of  Productus,  Orlhi*,  yfiirchisonia : 
the  last  of  the  extensive  tribe  of  Ci/athophylloid  corals,  which  made 
coral  reefs  far  greater  than  those  of  mwlern  seas  ;  nearly  the  last 
of  the  extreme  vertebrate-tailed  (heterocercal)  Ganoid  Hshes.  These 
groups  had  already  dwindled  much  before  the  Permian  poriotl ; 
for  some  prominent  Carboniferous  genera,  as  the  GoniatUcs,  do  not 
reach  into  it.  The  old  or  Paheoatoic  world  was  dying  out,  while 
within  it  new  types  were  coming  forth,  prophetic  of  the  earth's 
brighter  future. 

C/utracteristir  tSperics. 

1.  Radiates. — (a.)  Pofyp*.— Cyathophylloid  Corals;  also  corals  of  the  genus 
Slenopora  (Ckteletet).  (6.)  Eckinodrrmt. — Crinoids  of  the  genus  Cyntkoentm; 
a  Paleozoic  genus;  Eohinuids  of  the  genus  Eoddaria,  near  the  Palsotoic 
A  rckwoeidari*. 

2.  Molluaks. — (n.)  Bnfotnan*. — Fmnttlln  reti/ormi;  fonnd  in  the  Permian 
of  KuMi-ia,  Kngland,  and  Germany,  besides  a  dozen  other  related  epecies. 

(/>.)  ftrfickt'opofiM. — Sjn'ri/rr  un<iulittn»  Sowerby,  from  England,  Lower  Zech- 
stein  in  Pasnny,— !«omc  specimens  two  and  a  half  inches  bmad ;  Spin'/er  rr»"»- 
tntut,  from  the  Zechstcin,  Germany ;  Pmdnctut  kum'dn*  Sowerby,  fV-om  England 
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ami  Qwmmj,  ■toiMlwiitiii  particaUrly  oftbt  Iioww  lMliil«in,Mid  OMvniif 
llio  in  the  KBpftrMbiefT;  Strophalotia  exeatala,  England,  Qennany  (the  tp*- 
dw  of  tha  gmtra  Prodttetut  and  StrophaUma  are  exo«edingIy  abundant  in 
iadiridaali) ;  Oamaropkoria  Sehlotheimi  von  Boeb,  from  RoMia,  Qermanj,  and 
England  (tho  genua  ia  related  to  Tertlmtula  and  Ptmta»uru$,  and  Is  ptitBlhr 
to  the  Carbunifcrnu!)  and  Permian);  Camaropkoria  mpertu*,  Russia. 

(c)  Cottcki/crt. — Monolia  tpeluMearia,  England,  Kuvaia,  and  (Jermany  in  the 
Lamm  Zaahilaio;  JfytUma  {Modiota)  Pallam,  Rnsaia  and  CtonMDj;  MftOm 
"jHamemuf,  Rassia,  Eng1an<l ;  Ariruht  A'(iia>i«i»M,  Ru!».«in,  Ocrmnny  ;  nnkrircllin 
antiqua,  England,  Kuaaia,  (iermaujr ;  ^Ixink*  dubiui  iicblotbeim,  a  very  common 
•pMiM  fai  Bnflaad,  Qmrmtmj,  aad  Baaite.  (It  ladndM  SMtodiu  SektttMmii 
Qeiniti,  t  r,K, nimt  Soworby,  and  other  «o-called  spccif.'s.)  Tlio  Kcnuji  .1j-imh» 
ia  of  the  aame  family  with  Trigoniaf  a  obAraoteriatio  genua  in  the  Keptiliao 

(A)  Gaiteropod*  SM  taro  in  the  Permian.  There  are  a  few  npoclM  of  JfifftfliM* 
awrfa  and  StmparMUf  Palaoaoio  genera,  beside*  aome  others, 
(t.)  Cepk(Uopod»  nlstodt  aad  aaMHug  thum  two  or  thne  ap«ciM  of  (Mb* 

3.  Articulates. — Nn  T/  Hohiin  nrc  known.  Ottraeoiih  are  common.  The 
tnt  of  the  TetradecajKidt  (p.  153)  ia  found  in  this  formation.  The  only 
tpmka  known  is  an  Ampblped,  Protvpottiaeiu  prMematieiu,  from  the  Permisa 
of  Dnrham,  England,  flrat  dc«cribcd  by  Schlotheim,  l>ut  recently  cxjtlairu  d  hy 
Bataa.  Dteapoda  of  the  order  of  Jfaorowima  appear  to  have  commenced  in  the 
Cial  formation.  Bat  Cho  flnt  of  tbo  Bruehfmrmt  if  SBDonoeod  from  tho  Por- 
■ian  by  von  Scbauroth,  who  names  it  Hemitrockitem*  paradoxut;  Gciniti  regarda 
it  aa  related  to  the  Pinnotherea  family,  one  apeoies  of  whieh  is  tbo  Uttlo  or»b 
Caond  in  the  oystor:  length  about  one-eighth  of  an  ineh. 

4.  ▼•rtataratM.— (o.)  J^faXa*.— Ffg.  C17,  Plalmemtiem  FnitMml  Agusli, 

une-third  the  natural  site.  Common  in  the  Knpfonebiefer,  and  also  found  in  the 
Coal  mMsaios  in  England  at  Ardwiok.  Otror  foitj  speous  of  fishes  hsTo  boen 


fig.  6ir. 


PaUaoniacua  FicUkbeai  (X  K)- 

tenibod.  Tho  more  cboracteristic  genera  are  PaltronincM,  Platyiomntf  A9r9* 
kfit,  PggopUrmt,  and  CMaeoNlAiia,  but  they  are  also  all  Carboniferous. 

{k.)  MtptUm  Wins  or  ton  speeias  haro  boen  deosribed  bolongiag  to  tho  tribes 
KluljlliiiltiliniH  MkA  LMortiaat.  Fig.  617  A,  PnUntmmrm S^>t»eri,  ngnrdod 
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u  »  Theeodont  Lacertiui.  It  woi  three  and  a  half  feet  long ,  and  U  from  the 
oopper-alato  (Kupferaehicfer)  of  aermanj  and  Saxony.  Palwoiaur  and  Tkeco- 
dontoaaur  are  the  name*  of  other  Permian  genera  of  TbecodoDta. 

Fig.  617  A. 


Prntcroaaonu  SpcncrL 

The  Permian  Thecodont  Reptilei  are  related  in  many 
point!  to  the  lizords  and  monitors  (»©e  p.  S46),  yet  hare 
biconcave  vcrlebrw!  like  the  inferior  swimming  reptiles, 
united  to  the  aocket-tccth  of  the  Crocodile*.  The  te«th 
ore  flattened  and  crcnulnlo  at  the  margins.  The  finger*  in 
the  I'roUrotanru*  call  to  mind  thoM  of  the  Pterodactyl,  ai 
Uutbier  suggcstji.  The  name  Proterosaurus  \i  from  Tfertta^, 
firmt,  and  (ratf»(,  lixard,  or  §nurian,  and  Palajosaurui  from 
raXoiof,  nm-irnt,  and  «iNrM«. 

The  cbarncterintic.n  which  »eem  to  be  marku  of  high  grade 
in  these  Thecodonts  ap|>ear  t«>  bo  so  implanted  in  a  structure 
otherwise  low,  that  they  must  l>o  regarded  as  foreshadowing^ 
of  the  higher  types  rather  than  as  mark«  of  elevation. 

The  Pala>otoic  character  of  the  life  of  the  Permian,  aa  already  shown,  is 
strongly  nmrkcil.  (tcinitt  observes,  further,  that  the  Trrrhrntula  eUmrfnUi  of  the 
Zechstcin  approaches  a  Devonian  form;  Camai-ophortn  Srhlothtimi  (Zechsteinj 
is  near  the  Carboniferous  C.  I'rumumi ;  Spirijtr  Clniiiii/aniu  (Zechstein),  the  Car- 
boniferous S.  Urii ;  S.  crtitalii*,  the  Cnrboniferous  S.  ocloplieatua.  The  genni 
Axhiu*  (Schizodus)  ends  with  the  Permian,  as  well  a«  Ortkit,  Camaropkoria, 
Productut,  and  Strojihaiotia. 
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GENERAL  OBSERVATIONS  ON  THE  PAL^ZOIC  AGES. 

L  RooJuL 

1.  Marimvm  ihicknrs!^. — Tlif'  maximum  thickness  of  the  rocks  of 
North  America  of  the  Silurian  age  is  22,000  feet ;  of  the  Devonian 
age,  about  14,400  feet;  and  of  the  Carboniferous  age,  nearly  15,000 
feet. 

2.  Or^'n.— The  firftgmental  rocks  of  tlMaeiia>-^luit     the  shAlflit 

sanfl-'tones,  and  cont'lomerutc-; — were  made  from  pre-exist inu  rock- 
material  through  the  agency  of  water,  and  mainly  the  waters  of  the 
oonn.  They  were  formed  over  the  continents  during  their  mote 
or  less  general  submergence,  and  mostly  in  shellow  waters  or  along 
the  bofflers  of  the  luml  left  uncovered  by  tlie  sea. 

The  limestones  were  formed,  wii  hout  jjrobably  an  exception,  from 
the  calcareous  relics  of  the  living  .spct  ie»i.  They  were  accumulated 
feneraUy  in  pure  ocean<waters,  like  the  coral  limestones  of  the 
present  period  ;  and  hence,  wliile  protected  from  the  incursion  of 
detritus,  perliap;*,  V>y  barriers  of  some  kind,  tliey  nmst  still  have  had 
open  communication  with  the  sea.  But,  as  in  the  case  ot  the  coral 
iee&,  the  waters,  although  sometimes  deep,  may  generally  have 
been  shallow,  so  that  the  waves  could  ])erform  tlieir  part  in  grind- 
iog  up  and  compacting  the  rising  re<  f.  When  the  shells  are  un- 
broken, there  is  sufficient  evidence  that  the  waters  were  too  deep 
Ibr  the  heavy  waves  to  reach  them ;  hut  this  does  not  necessarily 
imply  more  than  a  depth  of  a  few  fkthoms. 

The  liornstono,  which  is  common  in  the  limestones  of  thcPalmo- 
znio  in  some  jiarts  of  the  country,  is  proved  T)y  the  obsenations 
mentioned  on  p.  270  to  be  mainly  of  organic  origin,  it  is  probiible 
thst  in  all  cases  in  which  the  fossils  of  a  limestone  are  siliceous 
(imtead  of  calcareous)  it  is  owing  to  the  same  oause  that  lias  origin- 
4tetl  the  chert. — namely,  the  presence,  in  great  profusion,  of  the 
tiliceous  remains  of  protophytcK  along  perhaps  with  sponges. 

S.  DnenUSa  ^  the  ^fftteid  Regions  of  the  con&hent  wtfA  retard  to  the 
iindt  of  neks. — ^The  three  regions  into  whicli  the  portion  of  the  con- 
tinent which  has  been  especially  considered  is  divided  are  (1)  the 
Interior  Continental  region,  (2)  the  Appalachian  r^on,  and  (3)  the 
Eastern  border  region.  The  rocks  of  the  Appalachian  region  are 
HMdaly  fragmental,  the  limestones  forming  only  a  fourth  of  the  whole 
thickness.  The  strata  of  the  Interior  Continental  basin  are  mostly 
limestones,  these  constituting  full  two-thirds  of  theseries.  Although 
New  York  b  situated  mostly  within  the  Interior  basin,  it  still  ac^oins 
tte  Appalachian  region,  and  partly  lies  within  itsbord«r.  Some  idea 
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of  the  contrast  botweon  the  two  regions  may  be  giithered  from  a 
comparison  of  the  Bection  of  the  New  York  rocks,  on  p.  131,  with 
the  general  section  of  the  formutiona  in  the  MissiHsippi  valley  hero 
presented. 

In  the  Lower  Silurian  of  this  section  the  Culciferous  beds  are 
mainly  of  limestone,  as  well     the  Trenton  and  the  greater  part  of 

Fig.  818. 

Pennikn. 


C<j«l  Mcuana. 

Coal  Conglom«r«l«. 
Subcarboulfcroiu  liincat4MM. 

Wnvrrly  lutniintonc  (=  Chemang 

and  Subcartxmlferutt*). 
BUck  tlialo. 

ClUr  limeitoao. 


Blue  llmMtone  and  ■hal^. 

Tronton  llliM-atniip ;  Onlrit*  linM- 
utoue;  Blnck  River  liiuoaUm*. 

Vowrr  mairiiralBO  Uinc*toii« 

Cnlcifenius). 

PotstUai  »Mi<Utou«. 
Section  of  Ibo  Pal«4}iioic  roc  1m  in  tbe  Miaainlppl  tMuin. 

the  Hudson.  The  Upper  Silurian  contains  little  but  limestone ;  the 
Lower  Devonian  and  the  Subcarboniferous  are  also  limestone. 
Moreover,  many  limestone  beds  intervene  in  the  Coal  measures : 
and  west  of  the  Mississip])i,  over  a  considerable  portion  of  the 
Kooky  Mountain  slope  tlio  Carboniferous  beds  are  mainly  lime- 
stones. 

The  rocks  of  the  northern  border  of  the  Interior  Continental 
basin  towards  the  Azoic  contain  a  mucli  smalk-r  proportion  of  lime- 
stone than  those  of  the  central  portion. 

Tho  contraat  between  the  Appalnchian  region  and  the  Interior  will  beenme 
more  apparent  from  a  few  general  scctiona.  Tho  ^r*t  here  given  u>  from  th« 
State  of  Pcnniiylvania,  which  lies  within  the  Appalachian  region  :  it  i«  from 
the  Geological  Report  of  U.  D.  RoaKRs;  the  »econd  is  a  section  of  the  Michi- 
gan rocic.i,  by  A.  Wi.xcmbll,  lying  on  the  northern  iide  of  the  Interior  liuin: 
tbe  third,  of  Iowa,  which  i«  alto  on  tho  northern  side,  by  IIall;  the  fourth  and 
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)tM,«f  nUMtoMijl  MlwoMi,  whteh  an  bmt  Ito  flMln^tlu  femw     A.  H. 

WokTBEX.  the  latttT  hy  (?.  O.  Pwali.ow,  Vmt  with  chnnj;e«i  from  ninro  recent 
nfomation ;  the  §ijcth,  of  Teuncssce,  Ibo  oaatcrn  part  of  which  is  in  the  Appa* 
behiAB  NgiM,  and  Om  wMi]»  md  wMton  In  Uw  btNfar»  hj  J.  IL  Savmbs. 
Ib  mtk  mm  tha  MeUeiu  befin  Mow. 

Lower  Sllorlaii. 

tvmiM,  PMMhm  J^odL— ^PrioMl  8«ifaa^  of  Bofnt,— SaiifMoaei  aal 

Slates,  3000-40O0  feeL 
Calei/ertnu  Epoch.— "  Antoral"  Caloareooa  Sandatone,  2&0  f««t 
Tinnnit  dmgr  JS^wdk-^AQrwal**  Magnaaiaa  Ltmaitom^  wttk  aana  akartj 

bcdii,  5400  feet 

TVmfun  Epock. — "  Matinal"  Limeitono  with  blae  shale,  660  faat. 
iBMmr,  mem  Bpoeh.—"  Matiaal*  blCagdaww  data,  4M  ftat 

B«''''  «  Fp^^rh.—"  Matinal"  blue  fhale  and  datt^  wtth  aan*  thin  graj 
culcurcous  saniUtouea,  1200  fe«t. 

Upper  Silurian. 

Hu6AKA,  Oucid't  Epofh. — "  Levant  Gray"  Sandstone  and  Cunglumvrate,  700 
fwjt. 

irMftMi  ijpodl.—'* Levant  Red"  Sandstone  and  Shale,  1050  feet;  and 
**LeTaiit  Vbita^  8andstone,  with  olive  and  green  shales,  760  feet: 
total,  isin  ftet 

CKatDM  Epoek^—^BwgnA  Bnim,"  Shalu  of  rarious  colon,  both  argil- 
laaaoni  aBdealeBrwNn,witb  mmbo  liaaatones,  femginoos  sandstonea, 
and  iron-ore  beds,  2ft00  feet. 

Jfbifara  i^iocA.— Not  wall  daCaad;  poaiibij  eorraapondf  to  part  of  tba 
"  Sorgoat"  Soriaa* 

luata*  S»li/froii»  Eftftrh. — "  Sonlent"  Variegatad  maxlt  and  ihalai^  aaaa  lajan 

of  argillaeoou  limestono^  1A60  foot. 
Uwn  HBL»«tta«*«.— ^Saalaat**  LiBMatant^  tUn-baddad,  with  mwA  abarC, 

3:  0  f(<  t :  '  Pre-meriiUaB''aDoi]nal  and  eoralUna  UmaataM^  SM  ffwt; 

total,  &00  feet 

Deronian. 

OaisKAjir,  OrMhniy  Epock. — "  Meridian"  ealeareoos  abalea,  and  caloareooa  and 

atgyiaeaoaa  aanditaa»  «f  fcot 
CMBimouH,  CiH,la-OaUi  JTjiadLF^'Poat-iMridlaB"  alllao-aaloaraoiia  abaha. 

200-300  feet 

VjntmrBtUMvg  EpoA^Vtat-mnWaB"  naaatra  Una  limartana^ 

so  Tfet. 

HaaiLToK,  M(irc€Un'  Epnck. — "  Cadcnt"  Lower  black  and  ash-colored  slate,  with 
some  argillaceoaa  linoctono,  800  fe«t 
MamilioM  Epoek.—*' Cudmulf  aifUlaaBona  and  aaloavaon  ihalaa  and 

aandatone,  1100  feat 
tfoMw*  I^Mdl<— ^Cadant"  Vppar  Uaak  aakaraona  dat^  7M  Aak 
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Chkmuno,  Poriagt  Epoeh. — "  VergeDt"  dark-grmy,  t^f^SSJ  wndatonei,  with  some 

blue  shnle,  1700  feot. 
Chemung  Epoch. — *'  Vcrgent"  gray,  red,  and  oHto  Bhales,  with  grmy  and 

red  sandstones,  3200  feet. 
Catbkili~ — "  Ponenl"  red  sandstone  and  shale,  with  some  conglomerate,  6000 

feet. 

Carboniferous. 

Sdbcarboniperous,  Loiftr. — "Vespertine"  coarse,  gray  sandstones  and  sili-> 
c«ous  conglomerate  at  the  eastward,  becoming  fine  sandstones  and 
shales  at  the  westward,  2060  feet. 
Upper. — "  Umbral"  fine  rod  sandstones  and  shales,  with  some  limestone, 
3000  feet. 

CaiiBOMiPERot'S,  itilUtone-Grit  Epoch, — "  Scral"  slHceoos  conglomerate,  coarse 
sandstone  and  shale,  with  some  fine  argillaceoas  shales,  inclading 
coal-beds,  1100  feet. 
Coal  Metuure*. — Sandstone  and  shale,  with  some  limestone,  2000-5000 
feeU 

2.  Afichiffan  {Lower  Peninsula)  Section. 
Lower  Silurian. 

Potsdam,  PuUdam  Epoch. — "  Lake-Snperior  Bandstone,"  mottled,  reddish,  or 
dark  and  shaly,  at  Sault  St.  Mary,  18  feet ;  more  to  the  westward, 

250  feet 

Calci/eroiu  Epoch. — Rockj  of  this  epoch  said  to  exist,— eharacter  and 
thickness  not  known. 
Tbkxto.h,  Chnty  Eftoch. — Gray  siliceous  limestone,  2  feet. 

Trenlun  Epoch. — Blue  and  argillaceous  limestone,  with  green  caloareoos 

shale,  30  feet 

HuDSOM. — Argillaceous  limestone  underlaid  by  bloish-gray  subcryitalline  lime- 
stone, 18  feet  or  more. 

Upper  Silurian. 

Niagara,  CIIhIoh  Epoch. — Argillaceous,  bituminous,  and  calcareous  limestones, 
51  feet 

Niagara  Epoch. — White  and  gray  limestones,  massire  and  crystallise, 
some  layers  arenaceous,  others  geodiferous,  07  feet 
8alina,  Saliferoui  Epftch. — Urown  and  gray  argillaceous  limestones,  calcareoas 
day,  and  variegated  gypseous  marls,  37  feet 

Devonian. 

ORisKA<<r,  Oriikany  Epoch. — Cherty,  sometimes  agatiferons  conglomerate,  3 

feet 

CoRHiPEROVB,  Upper  Hefderherg  Epoch. — Breoeiated  limestone,  250  feet;  over- 
laid by  oolitic,  arenaceous,  and  bituminous  limestones,  104  feot:  total, 
S54  feet 
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BamUtvn  £;K>ri,««Jkl|illMMlt  limestones,  17  feet;  crystiilUno  limo- 
■tOM  with  iiMladwi  Imtledw  el«jr«y  idamm,  23  feet :  total,  40  feat. 
CMtaiM  •  btd  of  oo«l  OB  Irtttla  TrsvnrM  Bay. 

Oatttt  (?)  Epoch, — Black,  bitummoua  shale,  20  feet, 
Ckbmotc,  Poring*  Epodi, — "  UaroB"  tbalM  witli  inUroalatad  fiagstODM  and 

lianttODM,  IM  CmC 

Carboniferous. 

tiHiQAAnosirKUOVt,  Lower. — "Huron"  and  "  M&nball"  CbflBWlg?)  grit- 
tlMMt,ud  Mddlfb,  yellowish,  and  jprMnish  tandstones  and  oonglooM* 
rates,  173  feet;  "Napoleon  nandstonc,"  generally  niicftocou*,  with 
clay  beneath,  123  feet ;  "  Michigan  Salt-group,"  carboDaceoos  and 
aigiUaeMua  thalM,  magncdu  and  arcBaoMMia  UoMrtooM,  and  thiak 
beds  of  gypMHii,  ISI  ffct:  total,  4Sn  fret. 
Vpftr. — Limettoucs,  arenaceous  below,  66  feeL 

ilMMamanwovt,  Mitt$ion9-OHt  JSjpioeJI.— "Panna"  thiek-bedded  aaadstoBe^  In 

»omo  places  con^rl'imiTitic,  lOj  feet. 
Coat  Utamurta, — Bituminous  shales,  and  flrv-clays,  with  occasional  thin 
■anditoMt  aad  limaitoiMf^  1S8  ftat;  **VooATiU«"  taaditoiM^riftrt: 
total,  SOS  CmL 

3.  Io»a  Section. 

ftowr  aOnzUui. 

Pmsbai^  fbttdam  Epoch.— Yerj  puN  landitaaii^  witk  MiiDa  thin,  eakanoo^ 

sbaly  layers,  500  feet. 
Caiei/«rou»  Epoch. — "  Magnesian"  limestone,  almont  obemioally  pnn^ 
WW— tlBna  biaoriatad  aad  eooaratioaaij)  2M  faai  or  mora, 
bmoii,  Chazy  Ej)och.—"8u  Potof**  SMidataM^'*  »  gnwalaryiMafy  oompaet 

sandrook,  80  feet. 

Trcmtm  Mpotk^MT  "VlmtT  and  "OaUna'*  magBaaiao  Uaattoaaa, 

with  f'nmr  -hnly  ymrti'inw  in  the  lower  layers,  .150  feet, 
HcDsoM,  Hudion  Epoch. — tiilicoous  and  argillaoeooa  shale^  mostly  bitw&iaoaa^ 

tapper  SUaxlan. 

lUAUui,  CKmlon  tmi  Niagara  Spoeha. — Light  yellowlah-gray  eompaot  BiagBO* 

•ian  liBMtooe,  with  knob  chert,  150-SOO  feet, 
teau.,  Lrelatrt  Spock. — Gray  Kemi-crystnlline  porous  limestone,  600  700  feet. 
Sali/eromt  Epotk. — Tbin-bedded,  drab-oolored  limestones,  with  sbaly 

partiBCi^  IM-IM  ftoC 

<!MnnBova,  Ufftr  BMerUrg  IfyaA  (r).-janj  oonpaat  Il»wto— i  wttk 

some  concretionary  and  thaly  layers,  50  fe«t  or  more. 
&AM1LT05,  HamiUoH  Epo«k  (/).— JCagBoaiaa  liiaostones,  100  feoU 
Ctnnra,  Clmnnv  l^weL— CBBbaartoBlfcrwM  ia  partQ  MUotowihalMbiaB*' 
ttaaoi  oalearaou,  100  ftot  or  mora. 
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Carboniferous. 

SOBCARBOHIFBROCB. — CoDMSting  of — lit,  "  Burlington"  labcrystalline  encri- 


nital  Hineotone,  100  feet  or  more;  2d,  "  Cherty"  limectone,  100  fe«t; 
3d,  "  Kookuk"  bluish-grnj  lime.<tone,  with  thin  beds  uf  shale,  40  feet, 
and  calcareous  shale  filled  with  "geodes,"  40  feet;  4th,  Warsaw" 
magnosian  limestone,  succeeded  bj  shaly  limestone  and  coarse,  cal- 
careous sandstone,  40  feet ;  5th,  "  St.  Louis"  limestone,  oommonlj 
brccciatcd  and  concretionary,  in  some  parts  compact,  20  feet  or 
more :  total,  340-400  feet. 


CARB05irBXOC8. — Sbalo,  sandatone,  clay,  and  limestone,  less  than  500  feet. 


Lower  Silurian. 

Potsdam,  Calci/eroti*  Epoch. — Buff  magncsian  limestone,  with  beds  of  earthy 

hydraulic  limestone,  100  feet  or  more. 
Tremtok,  Ckaitf  Epuch.—"  St.  Peter's  Sandstone,"  brown  and  white  friable 

sandstones,  in  some  places  concretionary,  150  feet. 
Trtnton  Epoch. — "  Trenton"  and  "  Ualena"  brown  magnesian  limestones, 

thin-bedded  blue  limestones,  and  massive  gray  granular  limestones, 

300  feet. 

UcoBON,  IlntUntt  Epoch. — Shales,  ahaly  laadatODes,  and  dark-blue  limestooc, 
100  feet. 

Upper  Silurian. 

NiAQAUA.— Buff  and  gray  magnesiaa  limestone,  some  cherty  beds,  300  fe«t. 
Devonian. 

Oriskaxy. — Quartzose  sandstone,  becoming  locally  calcareous,  50  feeL 
Hamilton,  Hamilton  Epuch. — Coralline  limestone  and  shale,  dark-colored  fetid 
limestone,  120  feet. 
Oenetee  Epoch. — "  Black  Slate,"  bituminous  shales  and  slates,  40  feet. 

Carboniferous. 

SvBCARBOXiFKRoiTfl. — Consisting  of — Isl,"  Kinderhook"  arenaceous  and  argilla- 


ceous shales  with  local  beds  of  limestone,  100  feet;  2d,  "  Burlington" 
light-gray  limestones  with  chert,  and  brown,  arenaceous  limestones, 
200  feet ;  3d,  "  Keokuk"  calcareo-argillaceous  shales  with  geodes, 
gray  limestones,  and  chert,  with  Mams  of  stratified  marly  clay,  100 
feet;  4th,  "Warsaw"  and  "St.  Louis"  bluish-gray  limestone,  concre- 
tionary and  brccciatcd  beds,  impure  limestones  and  clay  shales,  mag- 
nesian limestone,  200  feet ;  5th,  massive  "  Ferruginous"  sandstone  of 
even  texture,  100 feet;  fith, " Chester" limestones, separated  by  heavy 
beds  of  clay  shale,  which  pass  locally  into  sandstone,  250  feet :  total, 
950  feet. 


Carbohiperous,  MilUlnnt-Orit  Epoch. — Sandstone  and  conglomerate,  300  feet. 

Coal  Jfeaiuret. — Sandstones  and  shales,  with  thin  bands  of  limestone 
and  five  or  more  coal-seams,  WO  feet. 


4.  Illinois  Sectiotu 
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A.  Matouri  Seetum, 

tomr  aUniian. 

Pmibav,  Oillei/krolu  Epoch. — Altcrnationa  of  oryitalline  and  compact  "Ma^- 
nMiiia  LiBMtoiiea,"  and  white  or  gnf  polT«ralwit  or  iru  "Saoeha- 
loMal  SwditOBM."  lM0.I6«e  ftet. 

TkntOH,  TrenloH  Epoch, — Blui^h-grny  and  JniU  compact  limestone,  with  con- 
ohoidal fnMtiiro;  baffaadgrajroryataUiaelunMtoMfmuebdoooBpoMd 
«•  •MfMmn  t  miM  Um  ahalo;  4SS  fWCi  o^wl^  1^  «  RoMptMnlite" 
■HflltrHOIII  Kubcryntallino  limcBtuno,  130  feet :  total,  566  fi  c  t. 

Hmwi,  Btidtm  J|mcA. — Two  bed*  of  bluo  and  gray  argUlaeooiu  magoeaian 
Ihiat^iiHi  W  trntf  rngmM  by  Una  ud  purple  thala%  W  fbat: 
total,  ISO  fMt 

l^iwr  BUinteB. 

ViMAaA,  \ia>/<irn  Ep»A*  CoMpaot  iHagiMiln  Md  ■igifkowiw  liawtoM^ 
160  foaU 

IiOWIK  HlLDIBIBBfl.— Ll^t-graj  UgllWlM  lilBMtOlM^  IM  fOOL 

Devonian. 

OuBSAJiT.— Light-gnj,  aeuly  pare  Umeileiie,— tlitekaeet  not  giToii. 

.CoUVaMUa,  Upper  Hetdtrberg  Epnfh. — (J ray,  compact,  earthy  limestone  wifh 
ebert  and  tome  MndBtone ;  in  soine  parts  a  hard  white  oolite,  75  feat> 
HAnum,  Hamilum  ^Mek^Blm  argilUMona  shale,  with  thin  lajen  of  eeo- 

crctionary  limeft^nf,  50  feet. 
GtHtittt  Epuch. —  lilm-k  slutc,  6  feet. 

Nest  Iblhnr  beds  which  have  been  referred  by  some  to  the  Cbeaulf 
group,  by  others  to  the  •Suboarboniferoua, — vii.:  Ist,  Ligbt-dral),  finp. 
compact  "Lithographic"  siliceoua  limestone,  70  feet;  2d,  bui),  tiuo- 
grained,  pulverulent,  argillo-calcareoaa  sanditone,  with  some  magne- 
sian  lime«tnno,  underlaid  by  blue  or  brown  argillacoona  shale,  100 
feet  i  3d,  fine,  compact  limestone,  overlidd  by  brown  silieo-augnesian 
UnaatMN^  tO-Ut  feet:  totel,  m-9M  Ihet 

SnCASMRirailOUt.— let,  "  EncrlniUl,"  brown,  bof,  gmy  Ud  white,  coarse 
eiyetellim  heavy-bedded  limestone^  eveiywhere  eoDtaiaing  ehert, 
509  fbel;  M,  ^  Atehluedet"  gray  and  dnb  erystelline  end  oompaot 

Iimc»tonc,  with  rouie  Hilico-nrgiUaccoua  linieiitoncn  nnd  blue  shales, 
200  feet;  3d,  "St.  Louis"  hard,  erystelline,  gray,  cberty  limestone 
with  tbia  beds  of  argfllaaeons  shale,  }S0  feet;  4th,  "rermgisew* 

brown  and  red,  cnnrsc.  frioMc  sandstone,  in  MMBe  pwti  white  Mild 
" sacoharoidal,"  200  feet:  total,  1160  feet. 
CUMmntovB,  (hat  MfnMirt§.—Vhn  and  grey  eompeet  Uaeetoaei^  with 

Uaek,  blue,  and  purple  bituminoui<  nnd  ralcan  ooe  ahtlai^  Mid  ft  ftw 
Hill  beds  of  coarse  sandstone,  2^0  feet  or  more. 
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6.  Tennessee  Seetion. 

Lower  SUuiian. 

Potsdam,  Poi*dam  Epoch. — "  Chilhowee"  ianditones  and  landj  shalei,  at  least 
1000  feet  in  ea»t  TenHf»irr. 
Calei/erou*  Epoch. — Fine  xandiitoiles  and  Rhale.*,  with  magitcRian  lime- 
stone:  sandstone  member  (lowest),  600-1000  feet  in  eati  TVuneMc*/ 
shales,  1500-2000  feet;  limestone,  3500-3800  feet. 

Thkktom,  TrrntoH  Epoch. — "  Stones  Kirer"  blue  and  dore-colored  limestones, 
with  more  or  less  cbert,  500-600  feet  in  c<ul  Teti»e*»««;  lower  part 
of  "  Nashrille  Group." 

HcDSOH,  Utiea  and  Hudion  Epoch*. — Upper  part  of  "Nashrille  Group,"  calca- 
reous shales  and  argillaceous  limestones,  inolading  beds  of  fine  marble, 
1000-2000  feet  in  «a»t  Ttnnettee. 

Upper  Silurian. 

Niagara,  ihdina  Epoch. — "Clinch  Mountain"  white  and  graj  sandstone,  and 
"  White  Oak  Mountain"  brown  sandstones  and  shales,  800-1000  feet. 
Clinton  Epoch. — "  Djrestone  Group,"  variegated  calcareous  shales  with 

some  sandstone,  200-300  feet  in  rati  TcHnetiee. 
Niagara  Epoch. — "Sncedville"  gray  limestone,  200  feet  thick. 
Lowan  Ueldcrbkho.— Gray  crinoiJal  limestone,  75-100  feet  In  ntiddU  Ttn- 
n«»§tt ;  absent  elsewhere  (?). 

Devonian. 

Uamilto!«  (7),  Genetee  Epoch. — "Black  Slate,"  *  brownish -black  slate,  often 
pyritiferotts  and  bitumiouua,  100  feet  or  more  in  «a*t  7Vpi»«««««. 

Carboniferous. 

SuBCABBoifiFEROCS,  Lotecr. — "  Siiiceous  Group,"  shales  and  sandstone,  400  fe«t 
at  Cumberland  Gap  (perhaps  Upper  Devonian) ;  blue  and  gray  line- 
stone,  mostly  cherty,  with  some  Khalc,  300-550  feet. 
Vpi^r. — "  Mountain"  lime!<tone,  blue,  thick-bedded,  and  in  great  part 
oolitic,  500-750  feet  in  middle  Ttnncittc. 

Coal  Measures. — Sandy  conglomerates,  sandstones  with  six  or  more  coal- 
beds,  and  shales,  2500  feet  ur  more  in  middle  Tennetttt. 

In  the  Eastern  border  region,  about  the  Gulf  of  St.  Lawrence  (which 
was  probably  nn  interior  biwin  like  the  Interior  Continental)  there 
were  limestones  forming  almost  continuously  from  the  Calciferous 
epoch  in  the  Lower  Silurian  to  the  close  of  the  Clinton  epoch  in  the 
Upper  Silurian,  which  is  the  last  of  the  formations  there  observed. 
With  regard  to  other  partes  of  the  E«,>*tern  border  region  our  know- 
ledge is  yet  imperfect,  and  in  great  mea.sure  because  the  crystalli- 
zation which  the  rocks  have  undergone  has  obliterated  most  of 
their  original  features.  This  is  the  case  over  New  England  and  the 
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bofder  <rf  (1m  oontineiii  south  of  New  York.  BesiclM  this, »  strip 
dfkndsome  eighty  miles  wide,  constituting  the  ouHtorn  inargiD  of 
the  continental  plateau,  is  still  undor  wator  12).  Tho  map, 
fig.  gives  a  general  view  of  the  breadth  und  depth  of  this  pla- 
teau off  the  coast  of  New  Jersey. 

4  Dueniiies  in  the  d^eraUrtgimt  <u  to  the  thickness  of  the  rodb.— The 
maximum  thickness  mentionwl  on  p.  iiTT — 5(>,(KK3  feet — occurs  in 
the  Appalachian  region.  It  is  not  found  in  any  one  place ;  for 
some  of  the  formations  are  thickest  along  the  middle  of  the  region, 
^  others  on  the  western  side,  and  stUl  others  on  the  eastern ;  and, 
again,  t!i<>  hcds  of  the  Carboniferous  ago  are  most  largely  developed 
to  tlio  northeast  in  Nova  Scotia.  Owing  to  facts  like  these,  tho 
maximum  amount  exceeds  considerably  the  actual  thickness  of  the 
sceamuhitions  over  the  region.  Still,  it  cannot  be  less  than  36,000 
feet,  or  6}  to  7  miles.  Each  of  the  .Hucoessive  formations  in  the 
A]  |ai:ir)iiuri  region  IS  reniarlcable  for  its  great  thickness  from  the 
Potsdam  upwaril. 

la  the  central  portions  of  tho  Interior  Continental  basin  the 
tUdmess  varies  Arom  3500  (and  less  on  the  north)  to  6000  feet. 
It  u,  therefore,  from  nmt'dxtk  to  ont4enth  that  in  the  Appalachian 

region. 

Another  region  of  unusual  thickness  lie»  on  the  north  side  of  the 
Interior  basin,  near  the  Aaoic.  Along  Lakes  Snperior  and  Huron 
thefra;.'!!!!  iital  Huronian  beds  in  the  closing  part  of  the  Azoic  age 
accumulated  to  a  thickness  of  10,0(X)  feet ;  and  in  the  latter  part  of 
the  Potsdam  period  the  Calciierous  beds  in  bome  places  about  the 
ftramr  bke  \mm  a  tUekneM  of  3000  to  4000  feet.  Again,  in  the 
K|^n  of  the  St.  Lawrence,  about  Ottawa,  the  Potsdam  bed.s  have 
^••etthe  thickness  they  exhibit  in  the  State  of  New  York,  and  the 
TVenton  in  Canada  are  <hr-r  times  as  thick,  or  nearly  1000  feet, — an 
v&usual  thickness  for  a  limestone  formation. 

hk  ICiasouri,  during  theCalciferous  epoch,  in  the  Potsdam  period, 
the  accumulations  had  the  great  thickness  of  1300  feet,— >an  ezoep> 
tion  to  the  usual  fact  in  the  Interior  Tontinental  repion. 

Selatm  duration  of  the  Paltcozoic  ages. — The  thickness  of  the  series 
of  racks  pertaining  to  the  several  ages  affords  some  data  for  esti- 
Kuting  their  ImM-faliM.  The  results  are  necessarily  uncertain,  .since 
the  increase  of  a  rock  is  often  directly  connected  with  the  subsi- 
dence  there  in  progress,  as  lia.s  been  sufficiently  explained.  Still, 
tlw  conclusions  are  sulhciently  reliable  to  be  here  presented. 

TUiing  the  maximum  thickness  along  the  Appalachians  of  the 
"M<>ettive  formations  (the  limestone  ami  fragmental  beds  in  each 
cue  from  the  same  region),  we  find  for  the 
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LimeAtonea  inowaao  with  extreme  slowneos,  as  explained  in  the 

ohaptcr  on  roml  islands.  From  five  to  ten  feet  of  fragmontol  de> 
posits  will  in  oumuliito  while  one  of  limestone  is  forming.  This  fon- 
olusion  is  sustained  by  the  ratio  in  any  given  period  between  the 
firagmental  rocks  of  the  Appalachians  and  the  limestones  of  the 
Interior  basin. 

Taking  tli<>  ratio  as  T)  to  1,  ami  making  the  Rubstitution  accord- 
ingly, the  numbers  are,  respectively,  (1)7800;  (2)31,ti00;  (3)39,400; 
(4)  97C0;  (o)  14,800;  (C)  15^.  These  numbers  have  nearly  the 
ratio  1:4:5;1(:2:2.  Henoe»  for  the  Silurian,  Devonian,  and  CSsr- 
boniferous  ages,  the  relative  duration  will  }»'  0|:2:2,or  not  far 
from  3:1:1.  If  the  ratio  8  to  1  be  taken,  tlicso  numbers  become 
4:1:1. 

Aco<nding  to  these  calcnlations,  the  Ammean  Lower  Silurian  era 
was,  by  the  first  estimate,  /our  times  a^  long  a»  the  Upper;  by  the 

second. times  ;  and  the  duration  of  (lie  8ilurinn  aire  was  tfir,-,-  or 
Jour  times  that  of  either  the  Devonian  or  the  Carboniferous.  The 
earth  thus  dragged  slowly  on  thrangh  its  earliest  periods. 

n.  American  G-eography. 

1.  General  course  of  progrexi. — Througli  the  Palteozoie  ages,  the 
dry  land  of  the  closing  Asoic  age  (map  on  p.  13G)  gradually  ex- 
tended southeastward,  southward,  and  southwestward.  At  the  end 
of  the  Silurian,  tlie  limit  of  the  dry  laud  appeal's  to  have  had  its 
position  near  the  central  eost-and-west  line  of  the  State  of  New 
York ;  and  at  the  close  of  the  Devonian  it  lay  not  far  from  the 
•outhem  border  of  the  State.  Westward,  beyond  Michigan,  in  Illi- 
nois, Iowa,  and  Minnesota,  there  was  a  like  expansion  to  tho  south 
and  west  of  the  Wisconsin  Azoic.  Michigan  long  continued  to  be 
a  part  of  the  oscillating  Interior  basin,  the  Falteozoic  formations 
being  continued  there  even  to  the  dose  of  the  CSoal  period. 

Along  the  .St.  Lawrence  the  Ottawa  basin  was  nearly  obliterated 
at  the  close  of  the  Lower  Silurian  (p.  2*2S).  In  the  latter  lialf  of  the 
Upper  Silurian  the  river  opened  into  a  St.  Lawrence  gidf  over  the 
aile  Hi  Montreal,  and  m  iti  wateia  a  Lower  Hdderberg  limeatone 
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was  formed.  In  the  Devonian  uge  the  head  of  the  gulf  was  still 
father  to  the  northeMi»— probably  in  the  Tidnity  of  Quebee,— end 

opened  southward  over  New  England  ;  for  coral  reefs  were  growing 
in  the  region  of  Lake  liemphrema^g  during  the  earlier  Devonian 

(p.  270). 

Sooth  of  ttie  eaatcm  half  of  the  St.  Lawrence  there  appene  to 
bare  bom  a  jti-oc?  o^s  of  the  dry  laiul  soutliward,  similar  to  that  over 
K«w  York  and  the  West ;  for  the  Silurian  and  Devonian  beds  are 
neeeniTely  passed  orer  in  going  towards  New  England.  There  is 
nwon  for  believing,  as  different  goologiHts  have  urged,  that  the 
gTsnit*«;  an<l  >c-lii,sts  of  the  White  Mountains  wen^  m:i<l«'  of  strata  of 
the  Devonian  age.  Still  larther  south,  beyond  Worcester,  in  Mas- 
Mcfansetts,  and  over  Rhode  Iiland,  lay  the  Ouboniferoi»  nanh  or 
dial-making  area  of  the  New  England  basin;  while  to  the  norths 
pa'st,  over  part  of  Nova  Scotia  an<l  New  Bninswiok,  there  were  the 
far  larger  marshes  of  the  Acadian  basin :  the  two  belong  geographi- 
cdty  to  the  same  great  region — then  low— between  the  St.  Law* 
Tcnce  and  the  ocean,  and  probably  had  direct  connection. 

After  tho  Devonian,  nn<l  the  Suliearboniferous  perio<l  in  the  next 
tfjtt  the  dry  land  expanded  to  nearly  its  present  extent,  and  it  be- 
cune  covered  with  forests,  jungles,  and  maidies  of  GkrboniCwous 
vqetatlon.  This  condition  oscillated  with  that  of  marine  submer- 
gtnce  many  times  in  the  progress  of  the  Coal  period.  But  the  dry 
lead  appears  to  have  reached  a  degree  of  permanence  in  the  Appa- 
ieehien  region  after  the  Pittsburg  Coal  series,  and,  to  a  still  wider 
ext<>nt,  througliont  the  whole  interior  east  of  the  MiHsissi]i|ii,  after  the 
Upper  Coal  beds  (p.  30t<),  so  that  when  the  Carboniferous  period 
doied,  tiie  continent  in  this  its  eaatem  half  was  almost  complete. 
Over  the  whole  surface,  indnding  New  England,  Canada,  and  the 
British  jiossi'stiions  eastward,  no  rooks  omir  Vietween  the  Piilieozoic 
and  Cretaceous,  excepting  small  »trii>s  of  3Ie.«o2oic  east  of  the  Aile-  . 
flianiea,  and  also  in  the  Connecticut  valley  and  Nova  Sootia. 

The  interior  sea,  which  in  Silurian  and  Devonian  periods  had 
spread  from  tlie  Gulf  of  Mexico  over  tlie  whole  Interior  Continental 
ba.sin  and  Ktretched  northward  on  the  west  side  of  the  Azoic  nu> 
ideas  to  the  Arotie,  after  many  variations  eastward  and  wcatward 
in  it?  extent  through  the  whoh- Paheozoic.  wa.s  at  lost  mostly  limited 
to  the  region  west  of  the  Mis.sissippi,  and  the  soathWB  portion  of 
tfiellississippi  valley ;  for  here  are  located  all  the  marine  sediuait- 
ary  deporita  of  the  interior  formed  in  later  time. 

2.  Mountaing. — The  mountains  of  the  Palfeozoic  continent  were 
mainly  those  of  the  Azoic, — the  Adirondack,  of  northern  New 
Tork,  other  heights  in  British  Aineiioa,  the  Blaok  Hills*  and  iio- 
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lattnl  ridges  in  the  seas  of  tlie  Rooky  Mountain  region,  etc.  The 
Carboniferous  marshes  covered  a  lnrg«^  part  of  the  site  of  tlie  Alle- 
ghanies,  and  a  sea  in  which  Carboniferous  limestones  were  forming, 
a  considerable  portion — perhaps  all  but  the  Azoic  heights— of  the 
area  of  the  Rocky  Mountains. 

But  after  the  close  of  the  Ijower  Silurian  the  Green  Mountain  re- 
gion appears  to  have  been  above  the  sea  (jip.  228,  243),  and  divided 
the  New  Knglaud  or  East<*rn  border  region  from  the  Interior.  Conse- 
quently, the  subsequent  progress  of  the  dry  land  over  New  England 
was  from  the  Oreen  Mountain  region  eastward,  as  well  as  from  the 
St.  I^iwrence  Houthward.  In  other  words,  the  Devonian  be<ls  which 
stretch  from  (ijuipe  to  Vermont,  thence  bend  southwartl  on  the  east  of 
those  mountains,  as  has  been  suggested  by  the  geologists  of  Canada. 

3.  Rivers. — The  rivers  of  the  early  Palaeozoic  were  only  small 
streams,  such  as  might  have  gathered  on  the  Iimite<l  Azoic  lands. 
In  the  later  Devonian  and  the  Carboniferous,  they  included  the 
Hudson  and  St.  Lawrence  (p.  300).  But  even  to  the  last,  the  region 
of  the  great  streams  of  the  Rocky  Mountains  was  still  a  part  of  the 
interior  sea ;  the  Mississippi  had  but  a  part  of  its  length,  and  this 
only  temporarily,  as  the  country  was  often  submerged.  The  valley 
of  the  Ohio  River  was  in  part  the  region  of  the  interior  Car>x>nife- 
rous  marshes:  as  the  mountains  in  which  it  rises  were  not  yet 
raise<l,  the  river  cannot  have  existed.  Moreover,  the  Cincinnati 
uplift  (p.  228),  which  stretched  southwestwanl  into  Kentucky  and 
Tennessee,  and  may  date  from  the  beginning  of  the  Upper  Silurian, 
probably  divided  the  great  interior  marshes  about  the  upper  Ohio 
region  from  those  of  the  lower. 

m.  OsclllationB  of  level. — Dislocatioiui  of  the  strata. 

1.  General  jsubsidenre. — The  earliest  Silurian  beds — the  Potsdam — 
bear  abundant  proof,  in  ripple-marks,  sun-cracks,  and  wind-drifts, 
of  their  formation  near  the  water-level.  Many  of  the  succeeding 
strata  of  the  Silurian  and  Devonian  periods  contain  the  same  evi- 
dence, and  lead  to  the  sjinie  conclusion  for  each  ;  and  later,  in  the 
Carboniferous  formation,  many  layers  show  in  a  similar  manner  that 
tliey  wei'e  spread  out  by  the  waves,  or  within  their  reach.  Conse- 
quently, when  these  last  layers  of  the  Palaeozoic  in  the  Appal.'vchian 
region  were  at  the  ocean's  level,  the  Potsdam  beds — though  once 
also  at  the  surface — were  about  seven  miles  below  ;  for  this  is  the 
thickness  of  the  strata  that  intervene:  seven  miles  of  subsidence 
had,  therefore,  taken  place  in  that  region  during  the  progress  of 
the  Palwozoic  ages. 
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From  analogous  facts  it  is  learned  that  the  eubsidcnco  in  the 
Interior  Cdntinontul  biisiii  was  about  nno  nuU\  iiistcail  of  seven. 
In  the  lower  peiiinsulu  of  Michigan  it  vism  at  Uust  2500  feet ;  in 
niinow,  3000  to  4000  feet ;  in  If iMumri.  5000  to  6000  feet' 

On  the  nortliern  border  of  the  Interior  basin,  near  the  Axoicthe 
ihickneiis  of  the  Lower  Silurian  indicates  a  great  subHidence  in 
that  era  which  was  not  aftcnvurds  continued.  Tlias,  in  the  vicinity 
4^  the  great  hikes,  the  10,000  feet  of  the  Huronum  in  the  last  part 

of  the  Azoic  :uh1  flic  1000  of  the  Potsdam  jii>riorl.  i('nv]i  lliat 
aeiir  the  b«giuning  of  Palxeosoic  time  thiH  wa»  a  region  of  un> 
OMttl  fttbiddenco;  and  the  igneous  rocks  that  intersect  and  inter- 
haainate  tlie  Heditnentary  strata  evidently  oame  up  through  the 
frictures  tliat  aroomi)atii<'<l.  or  \v<>ro  occu^ifnu'd  l>y.  tlic  subsitlcnoe. 

In  West<;rn  Canada,  between  tlie  tttable  Azoic  of  Canailaand  New 
York,  the  1000  feet  of  Trenton  limestone,  and  700  feet  of  CUei- 
ferous  and  Potsdam  beds,  prove  that  there  was  a  great  subsiding 
aUo  in  tlmt  n-n'on,  while  little  occurred  south  of  the  N<nv  York 
Azoic.  Alter  the  Lower  Silurian,  this  subsidence  in  the  vicinity  of 
the  Aloie  for  the  most  part  ceased. 

In  MisHouri,  also,  where  again  there  is  n  patch  of  Azoic,  the 
thickness  of  tlie  formations  of  the  Potsdam  period  was  IdOO  feet 
or  more. 

AH  the  numbers  here  given,  both  for  the  Appalachian  region  and 

the  interior,  are  probably  bolow  the  actual  fact  ;  for  the  strata  may 
in  many  canes  cai)ecittHy  along  the  Appalachian  region — have 
lost  much  of  their  original  thickness  by  denudation,  either  before 
or  after  they  were  consolidated.  This  loss  may  luivc  been  one- 
fourth  the  whole;  but,  whatever  its  oxtctit.  it  jirobubly  litus  not 
altered  the  proportion  of  subsidence  between  tlie  Appalachian 
rpgion  and  the  interior. 

2.  OseiUations. — The  succession  of  sandstones,  shaloH,  and  1inie> 
stones  in  the  Paheozoic  series  have  been  explain<>d  to  be  indica- 
tions of  a-s  many  changes  in  the  water-level  of  the  continent.  The 
pmalenoe  of  limestones  over  the  Interior  basin  has  pointed  oat 
Uifi  region  as  an  extensive  reef-growing  sea.  Opening  south  into 
tlie  Atlantic,  and  jKM-haps  also  the  Pacific,  for  the  larger  part  of 
Palssoioic  time.  But  there  were  slow  oscillations  in  progress  that 
changed  the  limits  of  the  formations  to  the  eastward  or  westward, 
as  the  periods  succeeded  one  another. 

TIm  Potadam  aaadstgns  soym  both  Ihs  ApfwlMliiaa  ragion  aad  tks  lalerisr 

The  Gsleifaroas  bwb  sIm  itratebsd  over  both,  but  wors  partly  lisMStoDO  in 
ds  osi^  aad  aoidj  so  la  the  wsoL 
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Tho  Trenton  «prcad  over  both,  with  perhaps  the  exception  of  the  Qr«eo 
Muuntain  |>ortion  ;  and,  tbroughuiit,  it  was  aluiost  solely  limestone. 

Tho  llndaoH  rurmntiuns  cover  both,  with  the  name  exception  a.i  in  the  case  of 
the  lostj  but  they  are  shales  in  the  East,  and  limestones  mainly  in  the  Weiit. 

The  preceding  are  the  universal  formations.  Passing  now  to  the  l'p[>«r 
Silurian : — 

In  tho  Xiognrn  period,  the  Oneida  conglomerate  occurs  in  central  New  York 
and  along  the  Appalarhiiins ;  the  Medina  beds  have  nearly  the  sauie  position, 
but  also  bpread  over  Canada,  west  or  Now  York,  and  arc  sandstones  and  mnrU; 
the  Clinton  beds  have  approximately  the  same  cujitem  diiilribution,  but  spread 
farther  to  the  west  along  the  northern  portion  or  the  Interior  basin,  reaching  to 
Wisconsin, — and,  while  mostly  arcnueeous  in  the  East,  they  arc  in  general  CAlca- 
reous  in  tho  West:  the  N'iagani  limestone  has  again  tho  same  position  orer 
central  New  York  and  tho  Appalachians,  but  extends  over  nearly  the  whole 
Interior  batiu,  showing  an  expansion  or  change  in  tho  interior  sea;  and  its 
rocks,  excepting  those  of  the  Appalachians,  are  mainly  limestones. 

In  the  Siilinn  period,  there  is  the  same  extension  oT  the  formation  fmm  the 
Appalachians  north  over  central  New  York,  but  to  the  west  it  spreads  only  along 
the  north,  where  it  reaches  to  Iowa;  the  rocks  on  the  cast  are  marls  and  sand- 
stones, and  those  of  the  West  mostly  limestone. 

In  the  L<nrrr  llrldffbntf  period,  the  rocks  stretch  from  central  New  York 
southwestward  along  the  Appalachians,  and  do  not  spread  much  to  the  west  of 
New  York  and  Canada.  Tho  rock  is  a  liiur*i<»>t, — the  first  of  any  extent  in  the 
Appalachians  of  Pennsylvania  since  the  Trenton. 

This  extension  of  the  Appalachian  strata  northward  over  central  New  York, 
and  their  maximum  thickness  there  for  those  latitudes,  h»vo  been  accounted  for 
on  the  supposition  that  tho  Oreen  Mountain  region  became  a  part  of  the  com- 
paratively permanent  dry  land  after  the  close  of  the  Lower  Silurian  (p|>.  228.  2i'.\), 
and,  consequently,  the  oscillating  area  was  transferred  a  little  further  tu  the 
westward.  It,  however,  did  not  reach  north  to  the  Asoio  of  New  York,  which 
was  still  a  portion  of  the  ilabU  port  of  tho  continent. 

In  tho  Devonian  ago : — 

The  O'itknMfi  formation  was  mainly  confined  to  central  Now  York  and  the 
Appalachians,  but  some  thin  beds  occur  in  the  Mississippi  basin :  the  rocks  are 
mostly  sandstones. 

The  tJfiftrr  Httdfrbery  was  the  coral-rccf  period,  and  limestones  were  spread 
over  the  larger  port  of  tho  /uten'or  bnoin,  and  also  over  the  Appalachians. 

The  HamHioH  beds  were  extensive  in  central  New  York  and  along  the  Appa- 
lachians, but  very  thin  to  the  westward  over  the  interior  :  the  "  black  slate"  of 
the  (ieneseo  epoch  is  its  thickest  portion,  and  this  is  remarkable  for  its  wide 
distribution  over  the  Interior  basin,  and  its  persistent  uniformity  of  character. — 
which  proves  that  it  must  have  been  formed  in  waters  of  very  uniform  depth, 
either  very  shallow  or  somewhat  deep, — probably  the  former. 

The  Chrntiing  and  Pnrtmje  beds  have  great  thickness  in  southern  New  York 
and  tho  Appalachians,  and  are  very  thin  to  the  west,  and  in  many  parts  want- 
ing :  they  are  sandstones. 

In  the  Carboniferous  age: — 

The  Subcarbom/eranf  formations  are  thousands  of  feet  thick  in  the  App|k. 
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UcbiAni  of  Pennsylvania,  and  con!<i.it  of  sandstones,  alialM»  and  conirlomermtoa 
with  little  limotonc;  in  those  of  Virginia,  t|jc  liiuertoncs  arc  of  great  thick- 
neM:  the  formations  cover  the  Inttrior  batiu,  and  are  almost  wholly  of  lime- 
itune.  the  lower  part  only  b^g  knaiMmu  or  silM«oaa. 

The  Citr}ii>ni/ernuD  Milli^tone  (crit  i»  n  conRlompratc  of  prrat  extent  in  the 
Appalachtan^.  mostly  a  sandstone  in  Ohio,  and  is  nearly  wanting  in  the  Mis- 
•iiripid  baain.   Tb«  Co«l  BMwnra  iMds  are  alialM  and  MadatoBM  witli  littl* 

linir»!'iti<.>  in  Penn^yh  iinin  iirnl  Ohin  ;  "halc^  anil  !i!inil-t'inr><  with  riin.«i(lcrablr 
limestone  in  the  Mississippi  basin  cost  of  Kansas;  and  mainly  limestone  west 
of  KnMt. 

Thi^  liriof  .ikctfh  of  llio  limits  of  the  fnrinntions  pivcs  an  idea  of  the  "jroat 
oscilialions  in  the  sea-level  during  tho  progress  of  the  Palsoioic :  it  is  not 
neecnary  to  dw«11  npoa  its  details,  aa  ttw  oonelttBiooa  may  he  readily  drawn  by 

the  reader  after  the  explanationx.  under  the  head  of  Gninnl  (}l)mt:rraii<m»,  in  tba 
preceding,'  paj^es.    The  Eastern  border  region  haa  here  been  Irft  mif  of  view. 

riiti]  tlif  rlos«  of  tln'  Subcarlionifprous  poriod,  tln'  ostillations 
had  that  wide  contine»tul  ruiige  which  Wius  eminently  characteristic 
of  tiie  Ammicftn  Fkbeoaoic.  In  the  period  following,  the  C!iurfao> 
niferous,  the  continent  for  prolon^'rd  ]><'ii()*ls  stood  rained  just 
above  tlio  o('(':m.  at  a  in-arly  uiiiforiii  1<  \  (  1, — >(>  lnw  that  its  inte- 
rior wuH  covered  with  imiueutte  lre»h-WHter  muri>he»,  and  for  so 
kmg  ens  thiA  the  vegetable  tweunnilftlions  AtUuned  the  tliickneM 
nflident  for  coal  beds  (p.  360) ;  but  tbe«e  emergences  had  their 
alternation  with  -til)mcr^M>in  cs.  Tlie  system  of  oscillations,  thoiigli 
slower  in  inovi-nicnt,  w;is  still  continued;  yet  the  ni<)vement.s  were 
less  general  ;  and  it  is  therel'ore  dilticult  to  make  out  a  parallelism 
IB  the  beds  of  ooel  and  interrening  rock<str»U  throngh  the  East 
»n<l  West. 

o.  J'pnfut  HK'I  dislo<-iit',,n,<. — The  only  mountain -ropion  nlont:  the 
course  of  exi.^'ting  chuin.s  which  can  now  be  jKiinted  to  u»  having 
•merged  during  the  Paleeozoic  ages,  is  that  of  the  Green  Mountains. 
Tliis region  probably  became  part  of  the  stable  di^'  land  in  the  in- 
terval betn->'i>n  the  Potsdam  period  of  the  Lower  Silurian  And  the 
commencement  of  the  Upper  Silurian  era. 

The  crystalline  limestones  of  western  New  England  have  been 
lefened  to  the  Ckleiferous  epoch.  They  extend  from  Connecticut 
tlirou;zh  MasNiohusetts  (in  which  State  the  StockV)ridf!;e  quarries 
art-  most  noted),  and  nearly  to  the  nortliern  limit  of  Vcnnont  : 
and  in  Vermont,  where  they  have  been  called  *'  Eolian  '  linu'^tones, 
they  IwTe,  aooording  to  Hitchcock,  a  thickness  of  2000  feet.  If 
actually  Caleif-  rc  ins.  the  emergence  of  the  Green  Mountain  region 
may  have  taken  jdace  belore  the  Trenton  periofl.  since  no  Trenton 
rocks  in  that  case  were  forinetl  over  it.  The  fossils  have  in  general 
^weik  oblitorafced  by  the  crystallization  of  the  roek.  But  the  Veiv 
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montrock  at  Sudhurv  and  elsewhere  hns  affonled  a  few  fossils,  and 
thoso  favor  its  belonging  to  tlie  Trenton  period,  as  long  since  held 
by  Rogers.  Among  them  there  is  a  Vijathnphylhid  coral ;  antl  none 
of  similar  chanictcr  is  known  before  the  Pciraia  of  the  Tren- 
ton limestone ;  al.**©  species  referred  to  (yurMcf,  SiromotoiKira  (or 
StfonuxtociTium),  Siktojyora,  and  Euowp/ia/us.  In  its  great  thickness  tlie 
limestone  diflers  va.stly  from  that  of  the  Calciferous  beds  of  the 
Quebec  group,  and  has  its  only  counterpart  in  the  Apfmlachinn 
region  in  the  limestones  of  the  Trenton  |rf»ricKl  in  Pennsylvania, 
wliirh  are  nearly  GO<)C>  feet  thick.  Admitting  this  age  for  the  lime- 
stones, the  Green  Mountain  region  <li<l  not  l)ecome  «lry  land  until 
the  close  of  either  the  Trenton  or  Hudson  periotl. 

Besides  nn  emergence  of  the  western  jmrt  of  the  Green  Mountain 
region  at  the  close  of  the  Lower  Silurian,  there  probably  also 
occurrwl  the  metumorphism  of  its  rooks,  making  tlje  shales  and 
eartliy  limestonert  into  hard  slates  nn<l  crystalline  limestones,  to  l>e 
afterwaixls  overlaid  unconformably  by  later  botls.  It  was  j)rolnd)ly 
at  this  time  that  the  .Stockbndge  Kolian  limestone  became  a  statuary 
marble  and  its  fossils  were  almost  entirely  obliterateil.  In  the 
same  0[>eration.  the  rocky  crast  may  have  received  that  stifl'ening 
which  made  it  a  jiart  of  the  ftermancnl  dry  land,  like  the  adjoining 
Azoic,  ajid  in  consequence  of  which  a  district  over  which  a  sub- 
sidence of  many  thousands  of  feet  t«x>k  place  in  the  Lower  Silurian 
(p.  170)  participated  but  little  in  the  later  Appalachian  move- 
ments. 

The  Ottawa  basin  an<l  the  subsiding  area  of  Keweenaw  Point  on 
Lake  SuiM-rior  also  became  comparatively  stable  before  the  Upper 
Silurian  era  began  (pp.  I'.Ht,  22X). 

I  n  a  few  placet^  there  were  dislocations  of  the  strata  after  the  close 
of  the  Lower  Silurian,  and  again  othert<  before  the  Coal  iN>riod. 
'I'liese  are  mentioned  on  pp.  227,  32f».  But  in  general  the  strata 
Iroin  the  bottom  of  the  Silurian  to  the  top  of  the  CarV»oniferous 
make  an  unViroken  series,  with  no  unconformability  except  the 
sliglit  want  of  pandlelism  the  great  oscillations  at  times  occasioned 
(p.  ;{20),  The  great  extent  of  the  series,  and  the  vast  length  of  time 
m;eupie<l  by  those  ]iassing  ages,  make  this  exemption  from  great 
disturbances  a  subject  of  profound  importance  in  American  geo- 
logical history. 

4.  Dirrrtion  of  oxrilhtionx. — The  direction  of  the  great  oscillations 
of  the  continent  may  bo  learned  from  the  course  of  the  region 
along  which,  through  the  successive  jwriods.  the  greatest  amount 
of  ciiangeof  level  took  place.  One  such  region  is  the  Appalachian, 
in  uhich  the  subsidence,  us  has  been  shown,  amounted  in  some 
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pBto  to  teven  miles  or  more,  whOe  peridld  with  it  In  the  Interior 

Ixisiu  the  av«Tagp  wa.s  pompnrativoly  small.  The  review  of  the  limits 
of  the  successive  formatiorui,  on  p.  iiT'J,  shows  that  even  the  minor 
dumges  took  pkee  under  the  influence  of  oecillationfl  having  this 
general  course. 

Tlie  Lower  Silurian  uplift  from  ^'inrinnati  to  Tennc.«seo  ronforms 
to  this  sy.stent.  In  accordance  abo  witli  it,  the  Coal  tueusures  in 
Ftonn^lTuia,  to  the  top  of  the  Pittsburg  series,  were  elevated  so 
that  their  marshes  became  rlry  before  the  higher  beds  were  Itud 
down:  and  these  upper  ImhI.s,  with  the  whole  region  west  to  the 
)li<«issippi,  bc-fore  the  Permian  (p.  371). 

The  Appalachian  region,  induding  fipom  the  Onlf  of  St.  Lawrenoe 
to  Alshama,  lies  parallel  with  one  great  branch  of  the  Azoic  dry 
Und.  CC,  on  map,  p.  130,  and  also  with  the  Athintie  Ocean.  The 
AiifiaUchian  oticillationn  therefore  conformed  in  direction  with  one 
of  the  two  Azoie  qrstoms  (p.  147):  they  were  but  a  oontinuation 
of  the  series  that  prevailed  while  the  Azoic  ape  was  in  jiropre^^. 

With  regard  to  the  region  west  of  the  Azoic,  our  information  is 
y«t  scanty:  sufficient,  however,  is  Icnown  to  make  it  apparent  that 
the  inorease  of  dry  land  was  from  the  Asoic  to  the  southwest,  or 
corresiiondinp  to  oscillation^  juirullcl  to  the  Tfoeky  Mountains. 
The  direct  etlccl  of  such  oscillations  is  manift^t  in  the  Illinois 
npliftii  preceding  the  Cbal  measures,  for  they  are  parallel  to  the 
Bodty  Mountain  chain  and  the  Pacific  coast-line.  This,  then, 
WM  a  second  gram!  direction  of  oscillations.  It  was  parallel  with 
tlte  northwestern  branch  of  the  Azoic,  B  B,  on  map,  p.  130,  and 
eonesponded  to  the  second  of  the  two  series  that  prevailed  during 
the  Azoic  age. 

It  ia  hence  apparent  that,  whatever  the  forces  at  work  in  Azoic 
time,  they  continued  to  act  in  the  same  general  direction  through* 
out  the  Pabeoaoic  The  action  of  the  two  systems  of  forces  to- 
gether evidently  jiroduccd  tin'  preat  amount  of  subsidence  ac^join- 
ittg  the  Canada  Azoic,  where  the  thick  depodts  of  the  Iluronian 
sad  Potsdam  periods  were  formed,  and  where  finally  die  basin*  of 
the  great  lakes  were  made.  These,  and  nearly  all  the  lakes  of  North 
America,  lie  nc>ar  the  limit  between  the  osciUating  part  of  the  con- 
tinent and  the  stable  Azoic. 

5.  OttemportmeouM  mevmenti  ta  the  Amenean  and  Etmpean  eim^neHU.— 
The  fact  that  the  continent  of  Europe  was  above  the  ocean,  and 
in  that  con<lition  which  was  charncteristic  of  the  Coal  periotl,  at 
the  same  time  with  North  America,  shows  a  cotemporaneousness 
in  the  oadllations  of  the  crust  on  the  opposite  rides  of  the  Atlaatio 
Oeesn.  This  oonoordaaee  will  be  better  apprdiended  when  it  is 
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«ns<£t-W  aac  a#  had  must  have  been  but  little  elevated,  nnd 
juiff  in^.-mTiuT  «x— mou^  to  drain  the  grent  siilt  marsiies  of  their 
«tt  mil  3.'c  -«»  a:ji  *«  to  lorn  them  into  dry  fields.  It  was  not  suf- 
iemc  aoi  3«fre  moo^  be  land  and  Carboniferous  vegetation  ;  for 
vrckitic  =1*  w*c  fw»nipT  lands— wet  with  fresh  waters,  and  very 
wnm  Ji  -r>a6 — car*  <reau  accumulations  of  vegetation  und  im« 
-rt*       i*'***  wwiI  i  DO»  hare  been  made. 

TiTfT*  >  *  -<iir-ikntT  between  the  continents,  also,  in  the  character 
It  -^'if  >«-ilis»'«t*  whiv^i  occarred  in  the  course  of  the  Ciirboni- 
->«fr-ij»i.  wi-ch  sabmer]ped  the  hmd  after  material  for  a  coal 
♦-•X  tMi  ^-"aaiiiu^rL  And  burie<i  it  for  long  keeping  beneath  sand- 
<\tQt^  i-Ti  •si»^'^  *c«l  then  brought  it  agnin  to  the  surface  for 
-^itrow  »<;ritinf  Acd  another  coal  bed  ;  and  so  on  in  many  bucoes- 

ri«f  X  llxcn*  erit.  wh-oh  preceded  the  Coal  measures  in  Europe 
fei  A3fc?r»r«^  »  evitlenivof  a  degree  of  correspondence  in 
j.tj  ifirt.-'i  aB>L»»eo™t  o(  the  txmtinents  through  the  waves  which 
co<!fru  -a  ti-e  er^vh  of  the  C<xil  Measures;  nnd  the  prevnlence 
^  t>cr.r<i:x>ii  of  the  limestone  of  the  Subcarboniferous 

7vy^«i«^  *  1  ..-a  aKJti  fwv«ied.  mark  another  coteniporancous  move- 
3tv<t:.^        jpfeerU  sul»n»ergence  preceding  the  emergence  just 
ulttnafi         3A->r»wrt'.  in  both  continents,  some  thin  coal  beds 
ytfit^i  -Ji  ti<  S«Ki*rtv»niferous  i)erio<l. 
jm'wt  ^-i-:*-*  -4»»--^^'J  't'^  Enmpe. — While  tJie  two  continents 
iC  ...t"^  vvsvvrdjnt  in  their  general  movement,  there  \v;is 
■»  w'c:?*!'*  during  theC«vil  j>oriod  in  the  moisture  of  the 
:«,.  .  «  t  c.i  j\irt.  at  least,  be  attributed  to  climate.    This  is 

vt         r^siIy  Urvvr  coal  fields  of  America.    Guyot  has 
.^'.xi  i  t>.e    v-. .<a^^  - . a  eharacter  it  now  Ix^ars  because 

X       ?tvN-«a  ^"^  r.i*:e.  v"*  mvw  abundant  niins;  and  it  is  prob.ible 
I  *«.-\--*r"^>i  ^^>  jvculijurity  with  the  first  appearance  of  vege- 

IV  Life. 

•  Vv  /  'r»'-s-»*x<,— Tlie  .\nimal  kingilom  began  with  Radiates. 
^  ^v>»  fvi  r  Articulates:  inelmltHi  Fishes,  the  lower  \(-r- 
.v.>.  v'v  «  i^''  lV«v»«Ji*n:  and  Reptiles  in  the  Carboniferous  ago. 
m    \  .Nf  the  j>rwre55s  w:is  upwanl  towards  a  fuller  nnd 

...... »  »a         c"nn««tion.  thnt  the  lenplh  of  the  A|fe 

^        w>vv>.  jr  "vrn-ia  nff..  »«  -b.-wB  on  |».        was  thn«e  or  four  tiiiicu  that 
.<W  ^^<*<-^^^  ^  ^  ^'iubowrvnNia.    This  fact,  in  connection  with 
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tht  abundance  of  the  remains  of  fisbos  in  tbe  I>eTonian,  ramkea  tbeir  abience 
ftoB  tie  Anerkitn  SHnriMi,  and  ttom  all  the  foreign  below  the  Upper  Ladloiv 
M\  ih(.'  iiiiire  striking,  and  addf  fierce  to  thv  ounclugion  that  no  fi.->hc!*  cxif^tod 
ianag  that  era.  And  the  noM  boldi  true  with  regard  to  tbe  absence  of  Rep- 
Mm  ftea  the  Deronian  age.  On  this  grennd  atone,  the  mippoeed  diaeorery  hf 
PlHritfef  microticopic  teeth  of  fi.<-hc!',  in  the  Russian  l'n|;ulite  j^rit,  of  tht>  Lower 
tBwiMikWith  no  knowledge  of  flvh-relioa  eUewbere  in  the  Silurian  of  Auicriea 
if  Inope,  wgvld  be  reaaonabljr  questioned,  were  it  not  also  proved  that  tbosa 
so-callcil  teeth  wan  not  iohthjio,  hut  prahaM/  tnm  the  dantal  appantne  of  Qis> 
teropods. 

It  u  an  error,  as  the  facts  reviewed  have  t>hown,  to  suppose  thai 
die  tplbem  of  life  eommenoed  with  the  lowest  forma,  and  reached 
ahnijs  ft  higher  grade  with  each  new  development.  The  following 
an^  somo  of  the  prinripk's  heariii^'  on  this  progress  which  have 
been  exempIiHed  in  Paljeozoic  history. 

(l.)The  earlier  species  were  water  species,  and  all  of  them  marine. 
Radiates  and  ICotlusks  the  water  Articulates,  and  Fishes  the 

water  Vertebrates,  comprise  all  known  sju'cies  of  animals  until 
tho  closo.  or  nearly  the  clos*'.  of  tli«>  I)i'vonijin  ;  and  S<'a-w<-<-tl-^  all 
the  plunUi  to  the  close  of  the  Silurian,  in  all  divisions  of  the 
loBgdoflns  of  life  the  species  made  for  the  water  are  of  inferior 
grade. 

(Z)Kany  of  tlie  earlier  typos  were  of  the  kind  called  coin/ir(A«iunw 
fyfies,  as  expluined  on  pp.  203,  302. 

Trilobites  and  the  Ganoid  fishes  have  been  mentioned  as  ex- 
smples.  Other  examples  are— the  Xa&yrtnMw/on/  Reptiles,  which 
comprflipndfd,  alon<»  with  the  stiuoturo  of  the  Ani|iliil>ian.  the 
scaly  covering  and  8omc  other  peculiarities  of  the  higher  l{ep- 
tiies;  the  large  Ixpidodendrid*  of  the  Coal  era,  which  combined 
with  the  characteriHtios  of  the  Cryptogams  the  foliage  and  general 
habit  of  the  Conifers;  the  »%iV/rtnVj,  wliich  presented  the  general 
struoture  of  the  Conifers,  with  a  habit  and  foliape  that  approxi- 
nxateti  them  to  LepidodendriiLi ;  the  CulunuUs,  which  }»osse!;sed 
die  habit  of  the  Equiseta  among  Cryptogams,  united,  in  some 
i(s  at  least,  ac<  ordinp  to  Rrongniart,  to  a  woody  texture  aj)- 
pri'irliinrf  that  of  tlio  Si;:illariiU  :  and,  in  the  early  Silurian,  the 
Cif*i,iieaiu  among  liadiates,  which  often  had  a  want  of  radiate 
■inmetry  almost  as  great  as  oharacterixce  MoUusks,  and  also  some 
^iires  of  the  later  Echinoida  joined  with  the  essential  structure 
rf  the  Crinoids. 

These  comprehensive  typ<\s,  as  is  apparent  in  tl»e  examples,  do  not 
<^cupy  a  middle  point  between  two  of  the  general  divisions  of  the 
AbiiDsl  kingdom:  on  tbe  contrary,  they  belong  fiindamentally  to 
while  partaking  of  some  of  the  characteristics  of  the  other. 
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Thoy  nre  called  by  Apaspiz,  wlio  parly  rccoj^nized  their  nature,  .«/n- 
Uieiic  types, — a  terra  nut  here  used,  as  it  inipLics  that  they  corre- 
spond to  A  oombination  of  what  iraa  before  teparate,  rather  than  to 
oni'  yet  undivided.   Guyot  calls  them  un/livUled  types. 

(;').)Tli<'  .stjirli!ig-jK)iiil  of  a  class  or  Other  tlivision  of  tlu'  kiiijidoma 
of  liie  wuti  often  frum  the  top  of  its  lower  division  and  the  bottom  of 
the  next  above,  or  ftvca  an  intermediate  level  between  the  two. 

Dividing  plants  into  Cryptogams  and  Phnnogams;  Crustaoeut 
into  P^ntomostraoans.  tlie  lower,  and  Halaoostracans,  the  higher 
group,  OS  done  by  Cuvier;  Reptiles  into  Amphibians  and  true 
Beptiles;  Vertebrates  into  water-breathing  and  ur4ireBtlung:  m 
observe  tliat — 

The  earliest  land-plants  were  the  highest  of  the  Cryptogams  and 
the  lower  of  the  Phtenogams  (the  Gymnosperma),  together  with 
groups  that  are  intermediate  and  of  the  nature  of  the  comprehen- 
sivo  types  abov»'  (b-scribcd  (see  p.  33.'?).  The  vegetnld*'  kiii^idom 
began  with  the  lowest  of  its  tribes,  the  Algce,  or  Sea-weeds,  and  pro- 
bably with  the  loweatof  sea-weeds  as  fitr  back  as  theAaoie  age.  Bat 
when  terre««trial  plants  were  to  appear,  there  was  not  a  series  rising 
in  frrade  from  those  sea-weeds  up  to  the  higher  species  of  the  land. 
On  the  contrary,  the  lower  Cryptogams  of  the  tribes  of  Mosses, 
Hepatien,  and  even  the  f^h^water  Confervas^  were  passed  by,  and 
the  ntnv  species  were  those  at  the  top  of  the  order  of  Orjrptogama* 
with  others  superior  to  tlie  modern  types  of  this  order. 

The  early  Crustaceans,  Trilobites,  belonged  either  to  the  top 
of  the  Entomostraeans  or  to  the  bottom  of  the  hi|^er  group,  and 
pres<«nte<l  foaturos  of  botli.    (See  p.  202.) 

The  earlie.st  Reptiles  were  not  the  lowest  of  Amphibians;  but 
along  with  some  of  the  inferior  species  of  this  division  there  were 
TiobyrinlhiMiontg,  a  fAnily  above  the  true  level  of  the  Amphibiana» 
to<:<>th<*r  witli  T^irrrlinu.i,  and  also  x'rhnmliuj  SmaritmMt  SpOCieS  botong* 
mg  to  the  inferior  divisions  of  True  Keptiles. 

Vertebrates  commenced,  not  with  the  lowest  fishes,  bat  with  a 
group  above  the  true  level  of  the  fish,  in  a  tyi)e  which  indudMl 
sevoral  rhararteristics  of  the  higher  elass  of  Rojitiles  (p.  .■502). 

The  evidence  in  the  rocks  thus  sustains  the  conclusion  that  many 
of  the  groaps  began,  not  vdth  their  lowest  qpecies, — that  ia,  those  at 
the  bottom  of  the  lower  group,— but,  on  the  contrary,  with  those  at 
the  top  of  tin-  lower  group  and  near  the  bottom  of  a  higher,  or  from 
some  intermediate  point  between  the  two.  In  this  way  a  remarkable 
harmony  was  given  to  the  firana  and  flora  of  an  age.  The  flora  of 
tli<*  rar1>"iiif<  rou8  is  a  fine  f\ani)ilt^  of  this  principle. 

This  harmony  was  sometimes  further  promoted  by  adding  to  one 
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type  peculiarftiflS  of  MkOther,  where  this  intermodintc  position  of 
the  <i[»t'oic8  is  not  apjiarent.  Tliii".  in  tho  iifio  of  MoUusks,  j)orhap8 
the  most  abundant  form  of  Crustacean  was  the  Oiitracoid,  which 
had  A  toa&«  «Mllik«  the  MoUmka. 

V«M  0f  tt«  esamplM  of  eoiapnbnMiv*  or  nndiTidcd  typM  bav«  Ymm'  drawn 

ftwHolla^k^.  Thoy  aro,  in  fact,  len»  marked  in  tbi-  Hub-kinjffloiTi,  bpcau.'c  all 
ii  Nranl  grand  diriaioni  wera  r»pnniit«d  in  the  first  appcaraaoe  of  animal 
IA^«t«itotlwhlgkMt,tbataf  Oapbalepoilt.  It  ilartad  aa  aa  mfbUM  tjrpa. 

IhtR  wirr  fvcn  many  of  the  luitiur  jiutxli  vis  ions  in  the  curly  Silurian.  The 
ii^a*le<J  Cuncbifera— tl)c  liigher  group— commenoed  with  the  PoUdam  period 
^Ul),  if  the  ganaa  CotHwardlnn  ^a  rightly  vafarred  to  the  Cardinal  Aad|y{ 

Pltrop<^']«  probably  piv^crl  their  period  nf  culminu^inii  in  the  Silurian;  Braahlo* 
podi,  U>eir»,  in  the  Iat«r  Palnoioic;  and  Cepbalo|>ua.H,  their.o,  ia  tba  HaMlOie. 
OMtiw|ieda  wera  Ian  well  lepreMatad  than  the  ethar  tribes,  and  thaaa  hare 

llieir  fullest  di^plaj  in  the  pre»rnt  Bg«.  The  rephnl'ipfxtx.  hnwcver,  majT 
properly  rank  among  comprcbenKive  typen;  thcj  couit>ino  in  the  Molluscan 
rtnrtare  the  large  pciftat  eyaa  and  other  senaaa  of  the  Vertebrates,  and  in 
MNBe  of  them  an  internal  bone,  along  with  great  actirity  and  strength,— «h»- 
ncteriiUcs  not  typical  of  Mollusks.  Tbejr  were  the  princes  of  the  Palieo- 
■oie  world  ontil  the  appeeranae  ef  Vartebratai, — the  (grpe  they  P**Oj  fere* 
tksdowed. 

(4.)The  eomprrhrnnve  typ<«'  of  enrly  time  booomo  noarly  or  quite 
extinct  with  tiic  progress  of  the  system  of  life,  while  tlie  type;»  which 
were  foreehAdowed  by  them  or  pertly  comprehended  in  them  are 
hwf  afterwards  perpetOAtcd. 

Trilobites,  Lepidodendrids,  Sigilhurids,  Colaniitea,  become  extinct 
hi  the  Gwboniferoua  age,  Cystideans  in  the  Lower  Devonian.  It 
win  be  found  that  the  Oeaoid  fishea  and  Lebyrinthodonta  axe  alao 
exiuiiplos  under  this  law.  The  small  Lycopmlia  of  our  woods 
are  the  only  representatives  of  the  great  Lepidodendrids  of  the 
Goal  era,  whfle  ferns,  the  typical  Acrogena,  and  Conifers,  the  typi- 
aal  Gymnoaperms,  are  yet  abundant  in  species.  The  Trilobites 
ware  rif  fompani»^<l  by  typical  Entomostfaenn.'*,  the  Eurypteri  and 
labted  species,  before  the  close  of  the  Silurian ;  and,  when  disap- 
pearing in  the  Garboniferons  age,  the  Tetradeoepoda,  foreahedowed 
in  the  Trilobites,  were  already  in  the  waters. 

2.  Erterminnfinn.^. — At  the  elose  of  each  period  of  the  Palceozoic 
ages  there  was  a  general  extermination  of  the  living  specioe,  which 
was  nearly,  and  aometimea  quite,  oomplete.  Again*  aa  eaeh  epoeh 
tPrniin.Tted  there  was  .in  f.xtermination  of  life,  but  in  most  cnses 
much  less  general.  Witii  the  transitions  between  strata  of  ditVerent 
kinds  in  the  course  of  an  epoch  there  were  uandly  aome  extenni- 
nations;  and  even  in  the  pas-sage  from  layer  to  layer  tiie  extinction 
of  one  or  more  q»eciea  took  place.  In  a  eorreqponding  manner 
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there  were  often  one  or  more  new  species  with  each  new  kind  of 
layer,  and  generally  sevenil  with  euch  change  in  the  strata :  while 
many  appejired  with  the  opening  of  un  epoch,  and  a  whole  fauna, 
nearly,  with  the  commencement  of  a  period.  There  is,  then,  this 
grand  principle: — 

Creations  and  extinctions  of  species  were  going  on  through  the 
whole  course  of  the  history,  instead  of  being  confined  to  {)articular 
points  of  time ;  but  at  the  close  of  long  periwls  and  epochs  there 
were  nearly  universal  extinctions,  followed  by  abundant  creations. 

The  means  by  wliich  exterminations  may-have  been  produced 
have  been  often  alluded  to  in  the  preceding  pages,  and  need  here 
be  recapitulato<l  only  in  brief, — namely : 

For  marine  si>ecies,  (1)  a  sinking  of  the  sea-bottom,  carrying  the 
species  below  the  depth  at  which  they  flourish ;  or  (2)  an  elevation 
of  it  so  as  to  make  it  dry  land,  on  which,  of  course,  all  the  marine 
life  would  become  extinct;  (3)  a  change  by  variation  of  level  or 
raising  of  barriers  sufficient  to  change  clear  and  pure  waters  into 
waters  full  of  sediment,  or  expose  them  to  an  influx  of  sedimentary 
material,  and  the  reverse ;  (4)  a  similar  change,  sufficient  to  turn  the 
salt-water  sea  into  a  fresh-water  area.  Besides  these,  there  may  be 
mentioned  submarine  igneous  action  heating  the  waters.  With 
such  causes  for  exterminations,  it  is  intelligible  that  the  extinction 
of  a  fauna  might  bo  nearly  complete  in  one  area  and  not  so  in 
another,  and  that  where  such  extinctions  were  partial  there  might  be 
in  some  cases  a  partial  repeopling  of  a  district  from  that  one  in 
which  there  were  surviving  species. 

3.  Extinction  of  whole  tribes,  families,  or  genera  of  s})eeiet. — ^The  charac- 
teristic tribes  of  land-plants  in  the  Coal  era,  and  those  that  became 
extinct,  have  been  mentioned  on  p.  333. 

The  races  of  animals  that  were  most  prominent  in  giving  a  spe- 
cial character  to  the  Palfleozoic  fauna  were  a**  follow  : — 

Among  Radiates,  Crinoids  and  Cyathophylloid  Corals;  among 
Mollusks,  Brachiopods ;  among  Artint/afcs,  Trilobites ;  among  Vert^ 
brates,  the  vertebrate-tailed  Ganoid  fishes.  Of  these,  the  groups 
of  Cyathophylloid  Corals  and  Trilobites  become  extinct  with  the 
close  of  the  Pnlwozoic,  and  the  vertebrate-tailed  Ganoids  very 
nearly  so  ;  and  Crinoids  and  Brachiopods  lose  their  pre-eminence 
in  numbers  of  species  and  individuals  in  their  respective  sub- 
kingdoms. 

The  following  are  a  few  other  examples  of  the  extinction  of  pro- 
minent Palmozoic  groups : — 

Graptoliies,  which  culminated  in  the  Lower  Silurian  and  ended  in 
the  Clinton  epoch  of  the  Upper  Silurian  ;  Cystideans,  which  culmi- 
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wrted  also  in  ih»  Lower  SKluriui  uid  beaaniA  «xtinot  in  the  b^^« 

ning  of  tlip  Dcvimian;  Gnnintifr.^,  wJiich  lu  iraii  in  tho  Hamilton 
period  of  the  Devonian  and  di8a]>|>eared  with  the  CarboniferouH 
age.  Many  other  instances  are  given  in  the  table  beyond.  Tho 
causes  of  such  extinctions  were  oonnected  with  a  higfamr  prindi^e 
than  that  of  more  physical  catastro|ihe. 

The  following  table  presents  to  tho  eye  the  history  of  many  of  the 
genera,  families,  and  tribes  of  Pakeoioic  specieB,  showing  by  means 
of  the  narrow  dark  areas  the  time  of  their  commencement ;  the 
timp  of  their  culmination  (by  the  greatest  l»rea(lth  of  tlie  area); 
and  the  time  of  their  extinction  in  the  course  of  the  Palaeozoic 
ages,  or  the  fSact  of  their  continuing  to  Banrfre  in  efter^ime.  Thus, 
op[Nisite  the  word  Potjfpt,  the  area  commences  near  the  beginning 
of  the  Silurian,  and  increa.«o^i  tlirough  tho  Palaeozoic,  an<l  does  not 
terminate  there,  as  they  exist  afterwards ;  the  VyalkophyUoui  Corals 
beghi  with  the  Lower  Silurian^  have  thmr  maximom  in  the  Devo- 
nian, and  terminate  in  the  Carboniferous;  tlie  Affrtrtt,  Madrcpora, 
and  Carxfophydia  families  of  corals  (which  include  most  modern  reef- 
nalcing  species)  do  not  commence  until  after  the  Palnrazoic,  and 
h«nce,  as  there  are  no  PalKOsoio  species,  there  is  a  dotted  line  op- 
po^it<»,  without  an  area.  At  tlie  top  of  the  cnhimns,  P.  Pd.  stands 
for  Potadam  or  Primordial  Period ;  and  8.,  C,  P.,  for  Subcwboni- 
fmutt  OurhoaiferooB,  and  Permian. 

4.  Otnera  fif  the  present  time  dating  from  the  Palmzme  age. — The  num- 
ber of  lines  connecting  the  past  with  tho  present  is  considerably 
increased  in  the  Carboniferous  age.  These  lines  arc,  however,  only 
loiif-lived  genera,  not  speeiea.  The  following  are  those  whidi 
apywar  to  Ije  iletermined  with  a  good  degi-ee  of  certainty: — 

Limpda,  Di.snnii,  Crania,  Naut'dus,  RhtfnrhoncUn,  Terrhratula,  Osfrra, 
Avievla,  Pinna,  Pcctgn,  tSolanya,  J^da,  Nueula,  Dentalium,  Chiton,  Pupa. 

They  are  all  M<rfhuoaii.  The  fliat  five  eommenoed  in  (he  Lower 
flihiiiaa.  U  ia  a  remarkable  CmsI  that  there  are  no  Badiate  genera 

in  this  Ust. 

Besides  the  above,  the  genera  Area,  Xmo,  and  AttarU  have  been 
referred  to  the  Pahaoaoie;  but  the  speeiea  probably  belong  to  other 

|r<'npra.  There  nr*'  no  trencra  of  Arficjdates,  unless  it  V>r  t)\<-  iiruun 
6^>iroriu,  about  which  there  is  doubt.  Some  of  the  Palaeozoic  genera 
of  Qatraooida  have  taodem  names,  but  there  are  no  means  of  prov 
ing  tiiat  they  are  identical  In  tyi>e  with  those  of  ino(l<  rn  seas. 

There  are  modem  genera  of  Rhizopods  in  the  Paheozoic,  and  pro- 
Wblyalsoof  Diatoms;  and  the  number  of  such  genera  among  these 
fwotoaoan  and  protophyte  forma  will  probably  be  greatly  increaaed 
whan  forther  inveatigatcd. 
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RADIATES. 
Polyps  

Cyatbupbylllim  Fatuity 

Farraiitct  (Afaleph»?>., 

lUlysitM  (Ac*lepU«J) 

Aslrirn,  MmirepoTB,  nixl  Cnryopliyllia 
FiiniiliM. 

Aealepbs 

Omjitolitcfl. 
Chietfle* 
Echlnodenns 
Cyatldcaiig 
Crinidran*. 

BlNiitoi<1«  (Pcntremilra,  etc.). 
8t«J-fl»hpa 

P*Jip«hliiol(l»(lnclnclin({ArcliaMX'idnrU) 
Cld«rid<,  9imUn«l<)«.  ••tc 


SILURIAN. 

DEV. 

CARB. 

Lowu.        i  orrn. 

P.  Pd. 

8 

C.  P 

 1 

i 

M0LLCSK8. 

BraohiopodB. 

Llugnlii  Family,  gen.  Liagula 

Obulii*.  Obolvlla. 
Oiscliin  Family,  gvn.  Di>M;ln»~ 

BipIionutretH 
Orthla  Family,  gvu.  Ortbia. 

Lrpllfiia 

8lru|)fa<ini«'na. 
Rby  nrhonclU  Fam.  Reii.IUiyDcbunell»,«to 

Priitiimerua 

Caniuroiihorin. 
FrodurtiiR  Family,  fcpn.  Chonete« 

Protluctus, 
Spirifer  Family,  gen.  .*tryp« 

SpirifLT 

Athyria. 
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ftf«br*(ala  P«isily,  gan.  Tmbralulii. 

iiriacoci'pbmliu,  KenwpUerk*. 

OllMrTmbnilulida 
Qnak  FamHy,  st-n.  CninU 
r^lrnila  Family,  gi-a.  Calris)!*-. 

Bryoxoani 
Aeeph&lB- 

Dlmyftrlea  without  « liphon. 
Dimyarie*  baring  a  lipbun 
G0pb»Ut«s 

PmopoM, 

fiMTUOPOtM 

gbell  witbout  •  U-«k 

Sbctl  iMnki'J 
CephAlopods 

Naulilat  tiib4?,  IncladiitK  OrtboccrM,  Hr 
Anuiiuuite  Iribf,  ^'a.  QouiatitM, 

ARTICULATES. 

Worms. 

ErraiionRACiUis. 
0((racot</« 


lVifo6i/<*. 


Pani'tiixiilr*,  ronocppbnlan,  Snr», 
KIII|Miir«>|>hiiliM,  II.Yilr<>-f|ilin- 
Dirfll>n'f|ilii«l<i»,  Aii.iiifl- 
Ina,  Mciiucephalon.  Uathyiiru* 


Olenoa  and  Agnoatoa 
Ogyyia.  


Trinnclenn,  Aaaphtiii,  R«"m<n>I«'M. 
ri(]o4,Aiiipliiuii,niiilTriarlliru« 

Calynieiio,    Aiiipvx.  Illwiiii*. 
Aci«bwi4«,  awl  (^firunu  
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Baeuloootns  und  Licbaa, 

Pbllli|i»U,  tirUBtkide*.  

nyUopotU^  

Cy-I/ipi  Tribe  (Enrypterus,  etc.) — 
Totapccapom  


tiopodi  

Amphipod*.~...  

DKAKM  

Sc^itopndt'  

Macrwiran*  ami  Annmnurant 

Brac/iyuraiu  

Myriapodft.  •• 

Spiders :  Scorpion*  •  •>••■ 

Inaeota  -  ■ 

NcimOPmS,  OXTHOPTEM  

•  Berrua  

LxpuioPTXU,  DirrEKS.  IlTimomis,  etc. 

VERTEBRATES. 

Fishes  •  

Qaiioim  -  

Selacrmtts.  -  

CrvtntcioDta.  -  

tlybodooU  

Beptiles  

AllPHIBIA!«l»  

OKMItARr  

LABXTiTrnoDoxt^  

Tttw  R«i^iX8.  

LACUtTIA!*!.  

Etiauosadxs  

oocodiuaxr-  

Birds:  Mammals  , 
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5.  OmgAle  crieninMlfm  ^  tke  CMtmiftrviit  life.—Ai  fhe  doM 

of  the  Carboniferous  ago  there  was  a  complete  extennination  of  all 
living  species.  No  plant  or  animal  of  Amerirn  continues  from  the 
Carboniferous  into  the  Reptilian  age ;  and  the  same  is  probably 
tn»  fur  Europe. 


DISTURBANCES  CLOSTNa  PALiEOZOIC  TIME. 

1.  AMERICAN. 

After  the  long  ages  of  comparative  c^uiet,  when  the  successive 
IUmw^  ftmurtioas  were  in  slow  pro^runs,  and  finally  the  rock- 
fnmdation  of  the  continent  eaat  of  the  Rocky  Mountains  was  nearly 
MBpIeted,  a  change  of  grcot  magnitude  began,  which  involved  the 
Appalachian  region  ivith  the  continental  border  amoining,  and  well 
aantt  the  title  of  tlie  Appalachian  rerolution. 

The  evidences  of  the  change  may  be  treated  of  under  two  heads:— 
1,  (ii-itdrhanre.s  of  the  .strata}  2,  alteration  or  metamorphism,  due, 
partly  at  leust,  to  heat. 

1.  Distarbeiieea  of  the  strata. 

1.  Flexures. — The  Coal  nieasuresof  Pennsylvania,  Rhode  T-liind. 
and  Nova  Scotia,  which  were  originally  spread  out  in  horizontal 
Ms  of  great  extent,  are  now  tilted  at  variow  anglea,  or  rise  into 
folds,  and  the  strata  are  broken  and  faulted  on  a  grand  scale.  The 
foldi*  vary  from  a  few  ro«ls  to  one  hundreil  or  more  miles  in  breadth, 
and  arc  in  many  succesisioms  over  the  region,  wave  succeeding  wave. 
Kneover,  not  only  the  Coal  measures,  but  the  Devonian  and  Wtor 
rian,  and  in  some  regions,  at  least,  jiart  of  the  Azoic  beds  beneath, 
sre  involved  together  in  thi.s  majestic  system  of  displacements. 
The  following  facts  on  thin  sultject  are  mainly  from  the  Memoirs 
■adOeologieal  Beporta  of  the  FrofiBflaon  Rogera. 


Fig.«19L 


lwtiaa«rtfesO«a 


The  genenl  character  of  the  flexarea  b  ffltoatrated  in  the  annexed 
Nctiona.  Fig.  619  (by  Taylor)  is  firom  the  anthiMUe  atrata  of  the 
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Uauch  Chunk  rogion,  PennBylvonia.  The  groat  coal  bed  is  folded 
and  doubled  on  iUtflf,  and  part  of  the  enclosing  strata  are  nearly 
vertical.  In  fig.  020  (by  Rogers),  from  Trevorton,  Pa.,  the  folding 
is  of  a  more  gentle  kind ;  eight  coal  seams  are  contained  in  thi5 


Fig.  620. 


B«€tkin  of  the  Coal  mcMurM  half  •  mU«  WMt  of  TrcTorton  Qap,  P». 


section,  each  of  the  dark  lines  representing  one.  These  nr©  exam- 
pies  of  the  condition  of  the  whole  anthracite  region.  The  piitohes 
into  which  it  is  divided,  as  shown  on  the  map.  p.  323,  illustrate 
other  effects  of  the  foldings  ;  for  tlio  whole,  in  all  probability,  was 
originally  one  great  area,  continuous  with  that  of  western  Penn- 
sylvania. 

The  sections  represented  in  figs.  621,  622,  illustrate  the  flexures 
of  the  Palaeozoic  rocks,  showing  that  the  whole  particii>ated  in 


Fig.  021. 


Soctloa  oo  the  SchnjrIkiU,  Pm.;  P.  PotUrillc,  od  Uie  CmU  meMun-a. 

the  system.  Fig.  621  (by  Lesley)  is  a  section  from  the  Schuyl- 
kill along  by  Potlsvillo :  the  formations  included  in  it  embrace 


FiR.  «22. 


Section  from  theOrtAt  North  lo  the  Littli*  North  .MutinUln  throiiKh  Bcw  9piia«i,  "Vm.;  i,  1^ 

povitiun  of  tbennal  iprtDg*. 

from  the  Potsdam  sandstone  (2)  to  the  Coal  formation  (14);  the 
numbers  indicate  the  formations.  The  section  in  fip.  022  (by 
Rogers)  extends  from  the  Great  North  to  the  Little  Nortli  Moan- 
tain  through  the  Bore  Springs,  in  Virginia:  it  lias  been  partly  ex- 
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plained  on  pp.  104,  107.   The  formntionfi  nre  numbered— 11.  tit* 

Calciferous:  III.  Trrnton  :  IV.  Hudson  Itiver ;  V.  Oneida;  VI. 
Clinton  and  Lower  llelderberg;  VII.  Oriskony  sandstone  and 
0uid»6dli  grit. 

The  mount^iinii  of  Pennsylvania  as  well  aa  Virginia  are  fiUl  of 

Ml.  Ii  M'cHon-;.  In  fart,  they  i>r*^sent  tho  common  fonturt's  of  the 
Appalachians  from  Alabama  to  New  Jersey.  It  is  liere  obvious 
that  not  only  the  Goal  measures  but  the  whole  Palieozoic  has  been 
forced  bgraome  agency  out  of  its  originally  horisontal  condition  into 
thLs  contorted  state.  The  folds  were  mountains  themselves  in  ex- 
tent;  but  through  the  extensive  denudation  to  which  they  have 
since  been  subjected  they  have  been  worn  oti  and  variously  nioditied 
in  external  shape,  until  now,  as  explained  on  page  108,  it  is  often 
extremely  difficult  to  trac<-  <>ut  the  <niginal  connections. 

On  tlie  east,  or  to\v;n*l<  (In-  ocean,  the  folds  are  so  pressed  toge- 
ther, and  their  tops  .so  completely  removed,  that  often  only  a  series 
of  mAeath  rin  dipt  remain  (p.  107).  Beyond  these,  the  folds  are 
more  Mparated,  though  still  abrupt;  farther  west,  they  diminish 
in  boldness,  iiiitil  (hey  become  gentle  undulations;  yet  there  is 
often  a  sudden  transition  to  these  gentler  bcntlings  along  lines  of 
great  faults.  The  following  outline  represents  this  general  feature 
ef  the  BuocessiTe  folds  frmn  the  southeast  or  ocean  side  across  the 
mountains  to  the  nortliwest.  (Rogers.)  It  should  not  be  inferred 
from  this  figure  that  the  folds  have  the  rcfinhirity  ln"re  given;  the 
preceding  figures  show  that  this  is  very  fur  from  the  truth.  It 
would  also  be  an  error  to  suppose  that  the  number  of  folds  is  uni> 
form  through  the  length  of  the  Appalachians.  On  the  contrary, 
all  along  their  course  there  are  folds  rising  and  others  disappearing ; 


Fig.6SS. 


Wmt  wetfMi  tttm  th«  8.1!.  to  tlie  K.W.  ttnm  (h*  ApiMtuhtaTM. 


they  may  continue  on  for  a  few  miles  or  scores  of  miles,  and  some 
for  much  greater  distances,  and  then  gradually  disappear,  while 
Others,  more  to  the  east  or  west,  take  their  plares.  Thus,  the  Ap- 
polachian  chain  is  made  up  of  a  complexity  of  flexures  following  a 
common  direction.  This  character  is  well  shown  in  fiir.  Ct2A. — a 
niap  prei>ftred  for  this  work  by  J.  l\  Lesley,  who,  in  connection 
witii  other  asristants  in  the  Oeological  Surrey  of  Pennsylvania,  has 
done  much  towards  working  out  the  facts  here  presented.  It  gives 
«  general  view  of  tlie  direction  and  number  of  the  folds  tlirough 
Pennsylvania.  Each  line  stands  for  the  axis  of  a  flexure.  Without 
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claiming  absolute  accuracy,  it  gives  a  correct  general  idea  of  the 
number  and  positions  of  the  folds  in  this  part  of  the  Appalachian 
region. 

Fig.  «24. 


Mii|i  iif  IViiiih.vIviuiIa,  MUdwiiiK  lliv  iMMilluiii  of  the  iui««  of  tbe  Mil»  in  tbo  iitral«. 


Tlio  fnllowinp  nro  some  of  (hn  most  imi>ortant  facts  established 
with  regard  to  these  Appalachian  flexures; — 

1.  They  occupy  tin*  whole  Ajtjtahic/iian  and  Eastern-border  rct/iona  of 
the  continent  nearly  or  quite  to  the  Atlantic  Ocean. 

*2.  They  are  parallel  witli  the  general  course  of  the  mountains, 
and  nearly  with  the  Atlantic  coast. 

They  are  most  crow<ied  and  most  abrupt  over  the  jwirt  of  the 
regions  which  is  towarils  the  ocean, — that  is,  the  southeast  side 
(figs,  (i2;i). 

4.  The  steepest  slope  of  a  fold  is  that  which  faces  the  northwest, 
or  away  from  the  ocean  (figs.  G21-023). 
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5.  They  are  in  numeroos  ranges :  but,  while  some  are  of  very 
great  length,  there  is  in  general  a  commingling  of  shorter  flexures, 
■nd  often  they  are  in  groups  of  overlapping  lines  (tig.  024),  as 
•xpUiaed*  wiUi  referenoe  to  the  amngeineni  of  the  perts  of 
mountain-^,  on  py).  19  and  20. 

ti.  Although  many  of  the  folds  were  like  mountains  in  dimen- 
tiona,  they  haye  been  m  worn  and  removed  by  denuding  waters— 
either  those  of  the  ooeea  or  rivers,  or  of  both— that  the  higher  perti 
of  the  foUls  do  not  generally  form  tlie  summits  of  oxistinp  eleva- 
tions. The  li.«»ures  of  the  broken  mountains  would  have  been 
deepest  end  most  nttmevotis  in  the  exeeof  the  folds ;  and  henoe  d»- 
mdstion  has  been  most  deetmetiTe  along  the  more  elevated  pas 
tions. 

7.  Over  the  more  eastern  part  of  the  Appalachian  region  and  the 
Ooatinental  border  the  folds  were  generally  so  pressed  over  to  the 
northwest  that  their  tops  projected  went  ward,  and,  consetjuently, 
both  the  southeast  and  northwest  sides  liav«'  ii  common  dip  to  the 
toutheost  (tig.  (>'j^);  and,  as  these  regions  have  been  since  denuded, 
BOlhing  remains  in  many  parte  but  a  series  of  strata  dipping  all 
sBke  to  the  southeast.    (See  p.  107.) 

A  uniform  series  of  souUieast  dips  over  suoh  a  region  is  evidence 
that  the  strata  correspond  to  a  number  of  deeapitated  Iblds. 

2.  Faults. — Besides  the  remarkal)l<>  plicjitionof  the  earth's  crust 
in  this  Appalai  hian  n-volutinii,  numberless  fractures  and  faults  or 
dislocations  occurred  over  the  whole  region,  as  was  natural  under 
the  contortions  and  uplifts  in  i^rogress.  Some  of  the  firaltings  were 
of  great  extent,  lifting:  the  rocks  on  one  side  of  the  line  of  fracture 
S^MHi  or  10.000  f«-,.t  above  the  level  on  the  other  side.  Tlie  faults 
mentioned  on  p.  l'J8  are  of  this  character,  and  part  of  the  series 
there  slluded  to  was  probably  made  at  this  time.  There  is  one  of 
thfse  great  faults  west  of  the  Cumberland  Mountains,  in  eastern 
Tennessee,  well  shown  in  the  map  and  sections  by  SaHbrd.  In 
soathwestern  Virginia  there  lu-o  faults,  according  to  Rogers,  of  seven 
erdglit  thousand  feet.  One  remarkable  line  of  this  kind  extends 
alon.:  tin*  western  margin  of  the  Gr<'at  Valley  of  Virginia,  through- 
out the  cliief  part  of  its  length,  along  by  the  ridge  (ou  the  north- 
vest  side  of  the  vall^)  named  in  its  d!fl^«nt  parts  the  Little  North 
Mountain.  North  Mountain,  and  Brushy  Ridge.  In  some  j>art«  the 
l/ower  Silurian  liniestone  i-^  lirmiglit  into  conjunction  with  beds  but 
little  below  the  iSubcarboniterous  limestone,  so  that  there  is  a  tran- 
dtion  IVom  the  lower  strata  to  the  upper  in  simply  crossing  the 
inlt.  In  some  plaoes  there  is  an  inversion  of  the  strata,  so  that 
abed  of  semihitaminoua  eoalof  the  upper  beds  is  found  under  the 
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Lower  .'^iliiiiim  limostono  nnd  conformablo  to  it  in  clip.  This*  fault 
continues  on  I'nr  t-if^iuy  miles.  (W.  h.  &  II.  1).  Hogtfjt».) 

Several  such  eXHJiiples  might  be  cite<l  from  Tennsylvania  as  well 
08  Virginia,  One  oc<'ura  near  Chumbereburg,  Pa.,  and  is  thiin 
described  by  Lej>ley  in  his  "  Manual  of  CtJul  and  it.s  Topography" 
(p.  147).  "Tiie  we.>*tern  side  of  the  anticlinal  Cove  canoe  has  tx^en 
cut  ott'  and  c.uried  down  at  Wast  twenty  thousand  feet  into  the 
abytu,  along  a  fi-uclure  twenty  miles  in  length ;  the  oawtern  side 
mu-t  have  stood  high  enough  in  the  air  to  make  a  llindito  Koosh  ; 
and  all  the  materiaU  mast  have  been  swept  into  the  Atlantic  by 
the  denuding  flood.  The  evidence  of  this  in  of  the  simplcHt  order 
and  j)atent  to  every  eye.  The  highest  |>ortion8  of  the  Upper  Silu- 
rian wall  against  the  lowe.st  i>orlions  of  the  Lower  Silurian.  The 
thickness  of  the  rwks  between  is,  of  coui-sc,  the  exact  measuj-e  of 
the  downtiirow,  which  i.s  therefore  twenty  times  as  great  as  the 
celebrated  Pennine  Fault  in  England.  Yet  a  man  can  stand  astride 
aci-oss  the  crevice,  with  one  foot  on  Trenton  limestone  and  the 
other  on  Hamilton  slates,  and  put  his  liand  upon  some  great  frag- 
ments of  Shawangunk  grit,  caugiit  a.s  it  was  falling  down  the 
chasm,  hold  fast  in  its  Jaws  as  it  close<l.  and  revealed  by  the  merest 
accident  of  lying  suspended  in  the  crack  juut  where  the  pLiue  of 
denudation  hapiJ«-ntMl  to  cut  it." 

Passing  now  farther  north,  to  New  England,  we  find  the  Rame 
system  of  flexures  as  occurs  to  tlie  south.  The  rocks  are  ger»erally 
cry^ti^llint^  anil  it  is  not  at  fii"st  obvious  that  they  were  ever  Palaeo- 
aoic  strata  and  have  been  metamorphosed  into  their  present  con- 
■ditinn.  But  this  is  proved  by  the  {portions  of  the  strata  which 
remain  un<Usguised  by  the  alteration. 

Tho  western  jiart  and  summit  of  the  Green  Mountains  hare 
already  been  shown  to  be  altered  Lower  Silurian,  an4  fossils  have 
been  referrtnl  to  that  prove  it  (p.  392). 

Again.  Devonian  (T'pjKT  Ilelderberg)  rooks  have  been  identifie<l 
by  their  fos.sils  in  northern  Vermimt  and  at  Rernardston  in  Ma.s«ia- 
chu.sett8.  It  is  probable  that  from  the  former  ]iosition  a  line  of 
Devonian  rocks  extends  south  through  eastern  Vermont ;  and  the 
Bernardston  he<ls  are  supiKised  to  be  part  of  the  same  formation, 
but  on  the  o()posite  side  of  an  anticlinal.  (Uitehcock.) 

Between  Worcester,  Mass.,  and  Newjiort,  U.I..  the  Coal  forma- 
tion occurs  with  its  usual  fossil  plants,  and  conglomerates  of  the 
Coal  measures  stretch  on  towards  Boston  (p.  325). 

South  of  Boston,  at  Brain  tree,  fossils  of  the  Pot»«lam  period 
have  been  found  (p.  184).  On  the  northern  margin  of  New  Eng- 
land the  rocks  graduate  into  those  of  British  America,  which  are 
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hardly  at  all  a1t«r«d,  and  wUch  an  Bilttriaa,  Devonian,  and  Car* 

bonifprous  in  jil'i-. 

There  is,  therefore,  abundant  reatton  for  the  inference  that  New 
bgUnd  is  made  op  of  Palimioic  rockfl.  The  White  Mountains  of 
Nfw  Hampshire  are  now  believ<Mi  to  be  formed  of  altered  DeTO> 
nian  strata.  Tho  gTU'if«  quarries  <it'  Ha'Muin,  on  tin- Cniiiu'cticut, 
probably  consist  either  of  Carboiiileruus  or  Upper  Devonian  Uepo- 
«Hi;  lof  the  graphite  on  the  aEaba  eomettmee  haa  the  form  of  the 
«tcmaof  phuitK:  one  of  them,  fourteen  inches  long  and  one  to  two 
wide,  now  in  the  Vnlo  cabinet,  is  too  plainly  vegetable  to  be 
doubted,  thoogh  now  deprived  of  itii  original  niarkaiga. 
The  conformity  to  the  Appalachian  qratem  appears  in,~- 
1.  A  general  parallelism  of  the  outovope  to  the  Green  Mountains, 
the  banHi*  of  rock  marked  on  a  gedogical  map  all  having  thia 
common  courMC. 

SL  A  general  prevalence  of  eastHMUtheaat  dips  over  New  Eng> 
had,  showing  that  tbcro  are  hero  a  s«M  i<w  of  derapitated  Mda,  08 

WcUasover  eastern  Pennsylvania  and  V^irginia. 

3.  The  steepest  side  of  the  fold  being  the  western,  as  follows 
ftom  the  foet  last  mentioned. 

4.  Tho  floxurrn.  fractures,  and  dislocntions  of  the  coal  beds  of 
Rhtxle  Island  and  the  neighboring  region  in  MostiachuHetts. 

WMtern  New  England  receired  a  part  at  leaat  of  its  ilexures 
bdbre  the  Upper  Silurian  era  302).  The  rest  probably  dates 
it«  upturning  from  the  time  of  disturbance  Ihmc  considered.  The 
fact  that  the  Coal  formation  is  among  the  folds  proves  thiii  for  a 
large  part  of  New  lin^and.  Between  these  beds  and  the  Devo* 
nian  of  ea.<«tern  Vermont  the  rorks  are  probably  either  Carboni> 
fernu!)  or  Devonian ;  and  the  whole  probably  participated  in  these 
changes. 

In  Nova  Srotia  and  New  Bmnswidc  there  are  other  examples  of 

foldrtl  Carboniferous,  Di  vnninn.  and  .">iltu  inn  strata,  sustaining  the 
ooncluxinns  deduced  from  the  regions  to  the  southwest. 

Thu5<,  the  wliole  Continental  Imi-der  from  Alofaamn  to  Newfound* 
hmd  participated  in  these  grand  niovrmcnts.  Tlie  facts  mentioned 
do  not  prove  tlinf  tlic  production  of  tin-  flexures  in  tlic  strata  was 
neceiwarily  accompanied  by  the  emergence  of  the  Appalachian 
region. 

2.  Alterations  of  rocks. 

The  alterations  whiclt  the  rocks  underwent  at  the  time  of  these 
distarbances  are  as  follow: — 
1.  GmM&ii/MM.^trata  were  consolidated ;  for  the  rocks  of  the 
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Coal  mea'^urca,  the  conglomerates  and  fwndstones  especially,  aro 
often  very  hard  and  siliceous  where  the  beds  have  been  most  folded 
or  disturbed. 

2.  DebiUtminxzation  of  Coal. — The  coal  is  without  bitumen  or  a  true 
anthracite  where  the  rocks  arc  most  disturbed;  and  going  west- 
ward, into  regions  of  less  disturbance,  the  proportion  of  bitumen  or 
volatile  substances  increases  quite  regularly  (Rogers).  It  api>ears 
as  if  the  debituminization  of  the  coal  lind  taken  place  from  Rome 
cause  connected  with  the  uplifting.  In  Rliode  Island  the  effects 
arc  still  more  marked,  the  coal  being  altered  not  simply  to  an 
excessively  hard  anthracite,  but  in  part  to  graphite. 

3.  Onjatatlizution  or  mctamorphism. — In  the  regions  where  the  folds 
are  pressed  together  most  crowdedly  and  the  evidences  of  disturb- 
ance are  extreme,  as  over  New  England,  and  the  Eastern  border 
south  of  New  York,  the  rocks  are  often  crystallized,  being  granite, 
gneiss,  mica  schist,  and  the  like.  There,  also,  granitic  and  mineral 
veins  abound. 


The  cause  of  this  extensive  series  of  flexures  had,  obviously,  the 
following  among  its  cliaracteristics : — 

1.  Thf/nrce  acted  at  riyht  anytes  to  the  course  of  the  jUrxtres,  ami.  there- 
fore, to  the  ijenerat  direction  of  the  Atlantic  coast. — It  is  obvious,  without 
explanation,  that  only  force  from  this  direction  could  have  pro- 
durinl  the  result.  The  process  is  easily  imitated  with  paper  or 
clotli. 

2.  The  force  acted  from  the  direction  of  the  ocean. — For  all  the  effects — 
the  flexinji  and  metamorphic — are  most  intense  on  the  oceanic 
sitle :  they  fade  out  towards  the  interior. 

3.  The  force  teas  vast  in  amount. 

If  nnj  one  doubt,  be  may  RBtiefy  himielf  by  working  oat  the  following 
problem : — 

{<:)  Qivcn  the  thickness  of  the  rocks  at  30,000  to  40,000  fret  (the  depth 
of  the  Pnla!(izoio  in  the  Appalnchinnv),  part  of  the  beJ*  (if  not  nil)  already 
stiff  and  folid, — for  the  limetitnne'i  are  as  oolid  when  first  funned  as  ever  nfl«r- 
ward.  (It  if  probable  that  the  whole  earth's  crust  was  involved,  giving  a 
thickness  of  100,000  feel  or  more.) 

(6.)  Length  of  region  acted  upon,  1600  miles;  brendth,  100  to  300  miles. 

(r.)  Required  tn  prc^s  the  beds,  over  this  region,  from  top  to  b  iitttni,  into  a 
series  of  jznsal  flexures  such  as  haf  been  described,  and  to  force  them  on  tn  tha 
northwest  until  the  tops  of  m-iny  of  the  flexures  »hnll  overhan;;  their  bases  to 
the  westward,  and  farther  until  nuinlhcrs  of  them  shall  clone  up  into  a  solid 
body  or  ma8«:  span  of  flexures,  mostly  from  1  mile  to  50;  rise,  mostly  from  lOO 
to  5000  feet. 


3.  Some  charaoterlBticB  of  the  force  engaged. 
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Iktt  Ibe  force  wa«  %-a»t. 

4.  The j'orce  was  tiow  in  action  and  long  continued. — That  the  move- 
awnt  must  Iuit0  been  dow  in  progress,  the  flexures  forming  by  « 
Dioreiuent  of  a  few  feet  or  yards  in  a  century,  continued  through  a 
long  time,  is  evident  from  tlio  regularity  of  tho  stratification  not- 
withstanding the  mi\jo8tic  syetem  ol  t'olding»;  for  there  is  no  chaos: 

beds  remain  in  their  old  order,  only  bent  into  wohee  and  bold 
flexures.  The  brittle  rock  experienced  the  force  so  gradually  that 
it  yielded  with  little  fracture,  except  along  the  axon  of  the  folds, 
where  the  strain  was  greatest.  The  folds  were  sometimes  pressed 
erer  until  their  tops  projected  westward  over  their  bases, — which 
ooold  have  been  done  only  by  a  force  acting  with  extreme  slow- 
new.  There  may  have  been  Hudden  starts,  and  cartliqnakcs  hc- 
yonU  modern  experience,  but  the  general  courso  of  progress  must 
lune  been  qaiet. 

5,  Hfal. — Several  tliermal  springs  exist  in  Virginia,  situated,  a^ 
cording  to  Rogers,  along  the  axes  of  the  Appalachian  foldsf  ■-  ' ' 
some  traces  of  the  heat  in  action  still  remained. 

C  IteBtli^  of  Hm  foroe  with  that  OMuinff  novMOMita  la 

earlier  time. 

The  force  was  the  same  in  kin<l,  and  also  in  direction,  judging 
from  the  identity  of  results,  with  that  whidi  produced  the  Hexures 
tnd  other  changes  that  closed  the  Asoic  age  (p.  143);  thesame  that 
,  caused  the  oscillations  through  the  progressing  Palceozoic  ages  re* 
quired  for  the  comjilotion  of  the  succession  of  rocks  ;  the  same 
that  occasioned  the  deep  subsidences  along  the  Appalachian  region. 

The  Atlantic  coast  along  New  England  varies  much  from  its 
general  course.  But  this  is  only  a  repetition  of  an  Azoic  fact.  The 
lino  has  a  parallel  in  the  (»reen  Mountains  with  the  westward  V)end 
through  New  Jersey  and  Pennsylvania,  and  a  still  earlier  parallel 
hi  the  outline  of  the  New  York  Asoic. 

When  the  Appalachian  suhsidenros  were  about  to  cease,  then 
began  the  new  movement  that  flexed  and  stiffened  the  rocks  of 
the  Atlantic  border. 

Although  there  is  no  proof  in  the  flncures,  or  the  metamorphism, 
of  any  omergenre  of  th'»  strata  from  the  ocenn  during  tln'ir  ]>ro- 
grcss,  there  is  sure  evidence  that  when  the  revolution  cea-sed  it  left 
the  Appalachian  chain  with  at  least  its  present  elevation.  The 
evidence  of  this  final  i  e>ult  of  the  moving  forces  is  afforded  by  the 
•tnta  of  Meeoioio  time,  which  come  next  under  oonsideration. 
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2.  DISTURBANCES  IN  FOKEION  COUNTRIES. 


Tho  disturbances  through  the  course  of  the  Palspozoic  ages  in 
Europe  appear  to  have  been  more  numerouH  and  diversified  than 
in  America.  But  tliey  were  inferior  in  extent  to  those  that 
attended  its  closie.  Murchi.son  remarks  that  tlie  c1o.ho  of  the  Cur- 
boniforou-H  period  was  Hpecially  marked  by  disturbances  aud  u}>- 
liftings.  Ue  stated  tluit  it  was  tlien  "  that  tho  coal  Htruta  and 
their  antecedent  formutionn  were  very  generally  broken  up  and 
thrown,  by  grand  upheavals,  into  separate  basinii,  whicli  were  frac* 
ture<i  by  numberless  iKJwerful  dislocations)."  In  the  north  of 
England,  as  first  Hhown  by  iMulgwick,  and  also  near  Bristol,  and  in 
tlie  iioutheastern  part  of  the  Coal  measures  of  South  Wales,  there 
is  distinct  unconforniability  between  the  Carboniferous  ancl  lowest 
Permian.  Elic  de  Beaumont  has  named  thin  system  of  dislocations 
thf  S^jitrm  of  (he  Nor(h  of  England.  Between  Derby  and  the  frontier 
of  Scotland  the  mountain-axis  is  of  this  date,  and  trends  between 
north  and  north-northwest ;  the  region  is  remarkable  for  its  im- 
mense faults.  The  great  dislocations  of  North  Wales  may  be  of  tho 
same  ejwch. 

Yet,  while  it  is  manifest  that  the  period  between  the  close  of  the 
Carboniferous  an«l  tho  Trias  w.-vs  one  of  enormous  disturbances,  it 
is  not  always  clear  to  what  time  in  this  interval  particular  uplifts 
should  be  referre<l.  In  the  Dudley  coal  field,  the  Permian  bods, 
aeconling  to  Murchison,  are  conformable  to  the  Carboniferous ; 
but  at  tho  close  of  the  Permion  (or  at  least  before  the  middle 
of  the  Trias)  there  were  great  dislocations.  In  other  coal  regions, 
as  those  of  France  an<l  Belgium,  and  of  Bohemia  about  Prague, 
there  is  other  evidence  of  physical  changes  in  the  absence  of  Per- 
mian beds,  wliile  also,  in  many  places,  the  beds  of  these  coal 
regions  art*  much  contorted.  Do  Beaumont's  System  qf  the  Xether- 
lands  includes  dislocations  of  Permian  beds  along  the  foot  of  the 
Hartz  Mountains,  and  in  Nassau  and  Saxony,  which  preceded 
the  de))osition  of  the  Tri  issic.  Ho  distinguishes  examples  of  this 
system  of  disturbances  in  France  and  some  other  parts  of  Europe, 
and  also  prominently  in  South  Wales.  To  his  StfsUm  of  th£  lihint 
he  refers  dislocati<ms  and  elevations  of  the  Permian  sanclstono  of 
the  Vosges  (gres  de  Vosges)  along  the  mountains  of  the  Vosgea, 
the  Black  Forest,  and  the  Odenwald,  and  shows  that  they  antoda,t« 
the  Triassic  j>eriod. 

In  Russia,  as  well  as  England,  there  are  tracts  where  the  Per- 
mian strata  follow  on  after  the  Carboniferous  without  unconfortna^ 
bility.    It  was  in  this  closing  part  of  the  Palteozoic  era,  either 
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aflor  tho  Carboniferous  or  Pormiun.  (li.it  tlie  rook«  of  the  Urals 
wero  iolUt><l  and  ri  v^tullizfHl ;  for  C  ii  hoiiilVrous  rocks  arc  H<  xt'd 
and  altered  in  the  Kaine  manner  tut  in  the  AppalachiuuH.  Tlie 
wurifcwi  qnarti  veins  probably  date  flrom  thk  en. 

TRANSITION  FBOM  THE  PAUEQZOIC  TO  THE  UESOZOIC. 

The  transition  from  Palnozoic  to  Meitosoic  time  was  strongly 
marked  in  Geologi<MlbistOiy»— uner|uiilh>d,  in  fact,  by  any  of  earlier 
date  after  the  Azoic  revolution  in  whic  li  tiie  J^aureiitian  rocks  were 
folded  and  cry^taiUzed,  and  by  any  in  later  age^i,  with  the  single 
•xeeption  of  that  from  HeeoKno  to  Cenoioio  time.  The  evente 
which  give  it  this  prominence  are: — 

1.  A  tlioroiighly  comiilftc  cxtermiiiation  of  existing  life. 

2.  An  extinction  of  several  great  Puiieo/oic  races,  the  decline  of 
Others,  and  a  general  change  in  the  character  of  the  life. 

3.  The  extensive  folding  and  crystallising  of  Pkdeotoio  formations 
m  many  regions. 

4.  The  development  of  a  number  of  prominent  mountain-rangeSt 
making  new  features  in  the  eurllj's  topo<:raphy. 

6.  In  North  America,  a  great  change  in  the  scene  ef  geological 
progresM,  so  that  the  regions  are  no  longer  the  Ktutem  bonier,  the 
Ap/xi!<t'-fi'<i".  and  the  great  Interior  ('i>»ii>,>  >it,il ;  but,  inst<\T(l,  the 
AiluHttc  Un-(0:r,  the  Guff  border,  and  the  Wesierti  Interior,  or  interior 
irast  of  the  Mississippi.  The  Eastern  Interior  and  the  Appalachian 
regions  no  longer  participate  in  the  rock-making.  The  three  new 
legions  coab^<ce  ;  tht»  la-t  i-^  but  a  continuation  of  the  Gulf  rf;:inn 
to  the  nortlnvest  over  the  area  of  tin'  Ko(!ky  Mountains,  wliidi  was 
Kill  low  or  submerged;  whether  it  communicated  directly  with  the 
BmsBc  is  not  ascertained. 

By  the  close  of  the  Paheozoic,  nine-tenths  of  all  tin'  rocks  of  the 
globe  had  been  formc<I.  During  the  «'].of  l»  of  ii  volution  tliat  fol- 
lowed, these  beds,  besides  undergoing  in  many  regtoui>  an  exten- 
■ire  crystallisation  fitting  them  prospectively  for  the  uses  of  art» 
w«re  also  supplied  with  mineral  wealth.  Much  of  the  gold  of 
the  world  f  onii^s  ori;:inally  from  rot  ks  which  were  nietamor- 
phosed  and  lilk-d  with  veins  at  this  time.  The  same  is  believed  to 
be  true  of  platinum  and  diwatonds.  None  of  the  precious  metals 
tte  yet  known  to  ooeur  in  the  crystalline  Asoio.  Some  of  the  veins 
of  tin,  coiiper.  and  Icivl.  and  mines  of  to))az,  emerald,  and  sapphire^ 
wc  among  the  productions  of  this  cpocli  of  nu'tamor[)hisni. 

Thus  furnished,  the  world  was  prepared  for  another  stage  in  its 
OQurse  of  progress. 
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III.  MESOZOIC  TIME. 

The  Mesozoic  or  Medieval  time  in  the  Earth's  history  oomprisea 
•  single  age  only, — the  Reptiuan. 

REPTILIAN  AGE. 

The  Age  of  Reptiles  is  especially  remarkable  as  the  era  of  the 
culmination  and  incipient  decline  of  two  great  types  in  the  Animal 
Kingdom,  the  Reptilian  and  Mollusean,  and  of  one  in  the  Vegetiible 
Kingdom,  the  Cycadean.  It  is  also  remarkable  as  the  era  of  the 
Jirst  Mammals, — the  frst  Birds, — the  _^rst  of  the  Cbmmon  or  OueouM 
Fishts,— And  the /irst  Palm*  and  Angiospcrms  (p.  166). 

The  Age  is  divided  into  three  periods.  Beginning  with  the  eai^ 
Uost,  they  are ; — 

1.  The  Trussic  Period. 

2.  The  Jlr.\S8IC  Period. 

3.  The  Cretaceous  or  Chalk  Period. 

These  periods  are  well  defined  in  European  Geology,  But  in 
North  American  the  separation  of  the  first  and  second  has  not  yet 
in  all  regions  been  clearly  made  out. 

TRIASSIC  PERIOD  (16). 

The  name  Triassie,  given  to  this  period,  alludes  to  a  threefold 
diviHion  which  this  formation  presents  in  Germany.  This  division 
is  a  local  character,  and  unessential :  it  does  not  occur  in  other 
remote  parts  of  Europe,  or  in  England,  and  is  not  to  be  looked  for 
in  distant  continents. . 

1,  AMERICAN. 

The  formation  referred  to  the  Triassie  in  America  may  belong 
in  part  to  the  .Jurassic  period.  It  does  not  reach  back  into  the 
Permian,  because  there  arc  no  Paleeozoic  forms  among  the  planta 
or  animals.  It  is  also  true  that  there  are  no  species  that  are  pecu- 
liarly .Jurassic,  while  many  of  them  correspond  in  character  with 
tboHc  of  the  foreign  Triassie. 

Z.  Rooka :  kinds  and  dlatribntloii. 

The  rocks  are  met  with  in  two  distinct  regions: — 1,  in  ihe  Atlaw^ 
border  region,  between  the  Appalachians  and  the  coast ;  2,  in  the 
Wrttrrn  Interior  region,  over  part  of  the  slopes  of  the  Rocky  Mountains. 
On  the  Atlantic  border  the  beds  occur  in  long  narrow  strips 
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parallel  with  the  mountains  Or  the  coast-line,  and  occupy  synclinal 
Talleys  formed  in  the  course  of  the  folding  of  tlu-  Appalachians. 
They  lie  unconformably  on  the  folded  crytitalline  rocks,  and  thus 
diow  tliAt  thef  are  aatiaequent  in  age.  On  the  map.  page  138,  the 
narrow  arotis  are  obliquely  lined  from  the  right  to  the  left.  One  ii 
rituate<l  in  the  Connecticut  valley,  and  extends  from  New  Ilavon 
to  northern  Massachuscttii ;  others  are  distributed  over  the  region 
between  the  lower  Hndaon  (the  Paliaadea)  and  the  aouthem  part 
of  North  Carolina. 

The  map  of  FennsylvaniA  on  p.  323  shows  the  position  of  the 
•ea  in  th«t  State,  it  being  disUnguished  by  the  same  oblique  lining 
as  on  the  general  map.  It  takes  the  same  westward  bend  with  the 
Appalachians  of  the  State,  retaining  that  paiallolisni  with  the 
mountaina  which  characterizes  the  areas  elsewhere,  and  thus  cor- 
responding in  directum  with  the  ejmclinal  Talleye. 

Tlie  rock  is  in  genetnl  n  red  sandstone,  passing  in  some  places 
into  a  shale  or  conglomerate,  and  occasionnlly  including  hods  of 
impure  limestone.  The  brown  building-stone  of  Newark,  N..I., 
and  FortUnd,  Gonn.,  often  eaHed  JVentone,  and  mwAk  used  in  the 
dty  of  New  York  and  elsewhere,  comes  from  this  formation.  Near 
Richmond,  Va..  and  Deep  River,  in  North  CSarolina,  there  are  vain* 
able  beds  of  bituminous  coal. 

In  many  regions  the  layers  of  rook  are  oovered  with  ripple- 
njarks  and  raindrop-impresi^ions,  or  penetrated  with  what  were  ori- 
fiiuUjr  mud-cracks, — all  of  which  marks  are  evidences  of  exposure 
alwve  the  water  during  the  progress  of  the  beds. 

In  the  Connecticut  yalley,  and  to  some  extent  also  in  New  Jersey 
and  Pennsylvania,  the  surface  of  the  beds  is  sometimes  marked  with 
the  footprints  of  animals,  as  Worma,  Insects,  Beptiles,  and  Birds; 
and  Professor  Hitehcock,  who  has  made  the  traeki  of  the  GonneO' 
ticut  valley  his  special  (^tudy,  has  in  the  Amherst  College  Cabinet 
(at  Amherst,  Mass.)  about  8000  tracks,  averaging  si.xty-eight  tracks 
for  each  sp<!cie8  of  animal.  There  are  also  numerous  specimens  in 
ethsr  eolleetioofl  in  New  England  and  elsewhere. 

On  the  Guff  lonlrr  there  are  no  Triossic  rocks,  excepting  sueh  as 
BUiy  possibly  be  buriod  honeath  later  formations. 

The  formation  beyond  the  Missir<sippi  which  is  supposed  to  be 
TMassie  oonrists  of  sandstonea  and  muls  of  usually  n  brick-red 
color,  and  often  contains  gypsum.  It  outcrops  at  the  base  of  the 
ridges  of  the  Rocky  Mountains,  and  covers  wide  areas.  It  is 
largely  developed  west  of  the  summit  in  the  CSoIorado  valley,  espe- 
«iJiy  aboo*  the  region  of  the  Little  GdoiadOb 

(c)  Amimtia  Tha  anas  «n  tb«  Athatis  bolder  sn  as  follow 
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1.  Tho  A'-ndian.—{\.)  A  region  in  Nova  Seotia,  forming  the  eMt  tide  of  the 

Bay  uf  Fiinily,  and  reachini;  eaiitward  in  tbia  line,  thou|ch  with  aouio  intcrruji- 
tiona  by  water,  to  tho  eaotern  borders  uf  the  Basin  of  Miuc«.  ^2.)  Prince 
Edward'B  Island,  which  ia  covered  throughout  with  it. 

2.  The  6tir4n«cri<.ti(  Hirer  ratfjt. — Extend*  along  the  Cann(>cticut  valley,  from 
New  Haven,  on  Long  Itiland  Sound,  to  tho  northern  liuita  of  Ma!)jiachui>«tt«, — 
a  distance  of  one  hundred  and  ten  miles :  tho  average  width  is  twenty  miles. 

3.  The  SoHihhHrtf  range. — A  small  parallel  region  in  Connecticat,  more  to  the 
westward,  in  the  towns  of  Southbury  and  Woodbury. 

4.  The  Pulimudt  rangt. — This  is  the  longest  eontinuons  line, — being  aboat 
three  hundred  and  fifty  miles  in  length.  It  extends  from  Rockland  on  the 
Hudson  River,  southwest,  through  New  Jersey,  Pennsylvania,  and  VirKioia.  east 
of  the  Blue  Ridge,  being  thirty  miles  wide  in  some  places  in  New  Jersey, 
twelvo  on  the  Susquehanna,  and  six  to  eight  on  the  Pot«>mac.  It  crosses  the 
Delaware  between  Trcnlon  and  Kintncrville,  the  Susquehanna  at  Bainhridge, 
■ad  tbe  S<:huylkill  tweisc  miles  l>eIow  Rending.  The  map  (p.  323)  gives  the 
position  of  the  beds  in  Pennsylvania,  indientcd  by  oblique  lines. 

5  and  A. — Short  rnngt*  in  Virgittin,  parallel  to  the  last,  and  more  to  the  ea*t- 
ward.  The  easternmost,  or  Richmond  range,  commences  on  the  Potomac,  a  few 
miles  below  Washington,  and  continues  to  Richmond  and  twenty-five  or  thirty 
miles  beyond.    The  other  lies  twenty -five  miles  west  of  the  Richmond  range. 

7.  Tho  North  Carolina  ritngc. — It  be^tins  near  Oxford,  in  Oranville  co.,  and 
follows  nearly  tho  line  of  tho  Richmond  range  (of  Virginia),  cronoing  Orange 
and  Chuthiim  cos.  westward  of  Raleigh,  passing  Deep  River,  where  it  contains 
coal,  and  extending  into  South  Carolina.  It  is  one  hundred  and  twenty  milef 
long;  on  the  Ncuse  it  is  twelve  miles  broad,  between  Raleigh  and  Chapel  UtU 
eighteen  miles  ;  on  the  Capo  Fear,  not  over  eight  miles. 

As  tbe  several  regions  are  istdated  from  one  another,  they  naturally  differ 
widely  in  the  sncoession  of  beds  and  in  the  character  of  the  rocks.  Thej  can- 
not, therefore,  bo  brought  into  parallelism  by  reference  to  mineral  character*. 

In  the  Connecticut  River  region,  in  MassuchusettA,  according  to  Hitchcock, 
these  beds  con.^ist,  beginning  below,  of — 

1.  Thick-btddcd  sandstone  through  nearly  half  the  thickness,  in  some  parts 
a  conglomerate. 

2.  Micaceous  sand.^tone  and  shale,  with  fine-grained  sandstone.  This  shale 
sometimes  contains  coal  seams  and  fossil  fishes. 

3.  A  coarse  gray  conglomerate,  the  masses  sometimes  several  feet  through. 
The  material  has  come  from  the  crystalline  rocks  adjoining, — the  granite, 

gneiss,  mica  schist,  talcoftc  schist,  etc.  The  thickness  has  not  been  satisfactorily 
ascertained :  it  cannot  bo  less  than  3000  feet,  and  may  be  more  than  double  tbio. 

At  Southbury,  Ct.,  and  near  Springfield,  Maj<s.,  there  is  an  impure  grajr  or 
yellowish  lime!>tone  fitted  for  making  hydraulic  lime. 

In  Virginia,  they  consist,  as  in  New  England,  of  the  debris  of  the  older  crys- 
talline rocks  with  which  they  are  associate<l.  Near  Richmond,  where  the  bc^ls 
are  800  feet  thick,  there  are  20  to  40  feet  of  bituminous  coal  in  three  or  foar 
seams  alternating  with  shale,  and  in  some  places  the  coal  shales  are  direetly  ia 
contact  with  the  subjacent  granite  and  gneiss.  The  coal  is  of  good  quality,  aad 
resembles  the  bituminous  coal  of  tho  Carboniferous  era.    It  contains,  according  to 
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Hnbbard  (Amv.  Jour.  BcL  1842,  xliL  371),  30  to  36  par  emt  of  ▼olatil* 

infredienta. 

Id  North  Carollnft,  tlie  beds  rest  on  the  cry5tnUine  Mdu^  and  hmre  been  derirad 
from  their  wear.    Emmons  divides  them  intu  thn»«  groups,  beginning  below  : — 

1.  The  Lower  red  SMidfftune  &ud  its  underlying  conglomerate,  estimated  at 
1500  tu  20  uo  ti'«t  In  thiekness. 

2.  Tho  Cvial  mon<ure<i,  iuehuling  sholaa  aod  dnb-OOlOMd  l^pltt-mailMd MBd- 
ttone#,  m  sumc  places  12U0  feet  thick. 

3.  Th»  Upper  red  or  mottled  ModttoMe  and  nwla,  Mpmtod  at  tlaoi  from 
tiM  Wil  (irlr.w  \iy  a  cfinj.'luiiieraf «. 

There  arc  fire  seams  of  ooal  at  the  Deep  River  Mines, — the  first  (or  upper), 
aid  bert,  6i  feet  thlek.  Tha  ooal  roienblos  that  of  Riehmrad,  and  ia  raluablo 
kt  fteL  Emmons  obtainod  SB  to  31  per  cent  of  vulatlli^  ingredients.  The 
Ma  bolow  Uio  ooal  aro  of  mneh  !«••  tbioknots  in  the  Dan  Kiror  ooal  region 
tkoB  in  that  of  D«op  Biver.  Good  arfOlaaeoas  iron-ore  aboands  In  the  ooal 
rsgion  of  North  Carolina,  so  that  in  nltnoot  every  ro«i|»ec(  tUrrc  \*  n  ilo^o  ro- 
mnblance  to  the  coal  regions  of  older  date.  Both  at  Rtchmund  nnd  in  North 
Coroliaa  there  are  numerous  coal  plants  in  tho  beds,  and  many  stems  or 
tnnks  stand  as  they  grew,  penetrating  the  succcs.^ive  layers. 

ih.)  Wf^tfrti  Intti-inr  r '  ./I'.ii.— Tlicro  is  >till  "iomc  doulit  as  to  the  n^e  of  the 
beds  of  the  Kocky  Muuuluins  referred  to  the  Triassio  period.  Although  very 
•Ufely  distrlbatod,  fhagr  atldom  ooatain  feoBils;  and  the  few  found— an  ooea- 
liODal  piece  of  fc<ssil  wood  and  remains  of  Saurians — arc  not  sufficient  to  settle 
tke  question.  The  beds  of  the  eoittern  slope  are  known  to  underlie  unques- 
IjoaaUo  Joraarie  hoda  at  tha  Blaek  Hills  In  Dakota  and  tho  Rod  Bottea 
on  the  North  Platte,  and  hftice  to  ocnipy  a  poiltlon  between  the  .Tiii;i->ii: 
and  Permian;  and  to  the  latter  they  ore  onconfonnablo.  They  therefore 
•tttr  bdong  to  tha  Triaaalo  or  to  an  Inforlor  part  of  tho  Jnraaale  formation. 
The  rocks  of  tho  Vppor  Coloiado,  according  to  New)ii-rry,  lie  between  tho 
Ctiboaiferoiaa  and  ikm  Orataoaou,  and  the  whole  tbiukness  is  2UUU  to  2d00 
fcst  Bnt  tt  ia  not  yet  known  whether  all  these  beds  are  of  the  Triataia,  or 

Whitllir  they  cover  both  tho  Tkiamio  uixl  Jur-t^.^ic  periods.  A  bed  of  lig- 
■ita  with  some  coal  plant*  was  found  by  Dr.  Newberry  near  tho  junction 
•f  tha  Cretaceous  and  the  inferior  rod  sandstone,  eontainuig  a  few  fossil  plants, 
whieh  ha  ohaenraa  my  poasiUj  ha  Jwaaaia,  altbongk  U  ia  not  aertain  that 
iBbHj  majr  not  ha  Crataaaona. 

n.  Xdfe. 

Thoro  are  two  rcmarkahlo  oharactoristips  of  the  Americui  Triaa- 
«c  period,  aoooniing  tf)  tho  jirpsont  stjitt*  of  (iiscovery  : — 

1.  The  paucity  ot  all  <ii>tiiiciivcly  marine  life  in  tho  beds  of  the 
A^ktKde  border. 

2.  Tlie  absonco  of  life  of  every  kind,  o.\coj)ting  some  foflsil  wood 
•nd  Reptilf-i.  from  the  Ix'ds  of  tiio  Wislrrn  hdrrinr. 

There  uuiy  have  been  on  the  Atlantic  extensive  coast-accumula- 
tions formed,  oonteining  numerous  marine  foesils,  as  in  Europe ; 
^  none  suoh  are  now  exposed  to  ywm, 
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1.  PlanU. 

The  vegetation  of  the  Triassic  period  includes  no  species  of 
Siyillaria,  Stijmarta,  or  Lrjtu/oJeiiitrnn,  rhuructeristic  genera  of  the 
Carboniferous  era ;  but  instead  there  are  CycacU,*  along  with 
many  new  forms  of  Forns.  Equiscta,  and  Conifers.  The  figures 
beyond  show  this  contrast  bi-twoen  the  flora  of  the  Carboniferous 
and  Triassic  eras.  Figures  <»2(j  and  027  represent  the  remains  of 
leaves  of  some  of  the  Cycatls  ;  fig».  (>.'»2  and  652 «,  one  of  the  Oni- 
fers,  a  Voltzia  related  to  the  Cypress:  and  figs.  G28,  621),  and  030  are 
species  of  ferns.  Trunks  of  Conifors*  occur  occasionally  in  the 
sandstone.  One  found  near  Bristol,  Ct.,  was  fifteen  or  more  feet 
long  and  one  foot  in  diameter.  No  species  of  gra&s  or  moss  have 
been  met  with.  Many  plants  of  remarkable  forms  found  in  Con- 
necticut and  Pennsylvania  remain  to  be  described. 

The  remains  of  plants  are  sufficient  to  show  that  the  hills  had 


*  nymnoppcrm*  (p.  166)  are  divided  intt>  (1)  (^nniftr;  cnmprisinf(  the  Pine, 
Spruce,  Hemlock,  etc.;  (2)  Siyillarid*,  the  SitjU/nriir  of  the  Palflcnznic;  (3) 
I'tfrntl;  the  pinnti  above  Blludod  to,  of  which  the  two  mo.«t  prominent  groupi 
arc  named  Cycai  and  Zamin, 

The  Cycadd.  while  related  to  the  Conifers  in  ctructure  and  fmctification,  are 
totally  different  in  habit.  They  have  a  simple  trunk,  with  a  tuft  of  larg« 
Icuvca  or  fruud<  at  top,  and  thua 

much  resemble  a  Tree-fern  or  young  ^'K-  *^25. 

Palm.  The  fronda  unr<<U  in  expand- 
ing,  aa  in  the  Pcrn^,  but  their  form 
i«  closely  like  that  of  many  Palms. 
Yet,  while  rei*embling  |ialm-lenveB  in 
shape,  the  leaflets  have  no  tendency  to 
.-<plit  longitudinally,  a;*  in  that  tribe. 
Fi>;.  625«  rcprcscntx  a  trunk  of  a  short 
extinct  species,  a  foot  and  a  half  in 
diameter,  and  625  h  one  of  the  long 
fri>iid«  from  the  graceful  rlii5tcr  that 
crowno  the  top  in  a  Znmia  ;  both  are 
very  much  reduced  in  sire.  The 
#pccie»  of  nro   sometimes  .10 

feet  hijih,  but  tho^e  of  Zamin  arc 
usually  nhort,  seldom  exceeding  .T  or 
4  feet.  The  exi.'ting  6j>ecics  are  con- 
fined to  warm  eliuiatos,  occurring  in 
the  Wci^t  Indies,  Mexico,  and  equatorial  South  America;  in  southern  .AfricA 
and  Madagascar;  in  southern  Asia,  Japan,  and  the  East  Indies;  and  in 
.Australia. 
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their  forest-vegetation  of  Conifers,  Cycads,  and  Fema,  from  which 
old  trun|(s  and  leaves  were  occasionally  swept  into  the  estuaries, 
while  the  marshes  were  in  some  places  accumulating  vegetable 
debris  and  forming  coal. 

Characteristic  Species. 

Conifer: — The  gcnuR  Vvltxio,  near  the  Cypre?*,  ha»  lax  Icarcs,  with  tho 
tenninkl  often  longer  than  the  othcm ;  tho  fruit-branchtct  constated  of  hr»n<l 


Tig.  tun,  PodoMunllas  lancrolatUK :  027.  Pternpltylliiin  crnnilnlol'lf  * ;  »V.N,  Clnthroptorln 
r«ctliuruliu ;  629,  recuptvrix  SliHtgarteii»ii':  tWt,  Cyi-loplt-rU  l.liuiit.'iri>lia. 


nnd  short  leaves  or  ^calen.  A  ^pories  near  1".  hftrrripht/ftn  (fip.  (?,i2)  has  been 
fuiiad  in  the  American  rock:^.  One  w:i<  fiiui)<l  nt  Ihc  Little  Palls  uf  the  Pa.'<!':iic, 
in  Sew  Jerwy.  Several  Fir-rone*,  !<ix  iiich(<;<  I'lnj;.  Ii:ivc  been  fcuml  at  Pha>- 
nixville.  Pa.,  and  a  email  one,  from  tho  Ma.-'.sachuacttii  betla,  hax  been  iiKur<''l 
by  Hitchcock. 

Cgead: — The  Pternpki/Kiim  tonijifoUiint  Drniin,  frfifn  N'Tth  Carolina  and 
Pennvylranin,  i.*  churaeteri^tic  of  the  Ujiper  Trin?  in  KuTope ;  the  ."peciea 
resembles  fig.  6S3;  Ptcru^ihi/Uum  tjntmintuid'*,  fig.  •127.  i"  nn"tlnT  North  Caro- 
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lina  species.  Fig.  026  is  the  Podctamitu  lanctolatu*  EmmoDS,  from  the  same 
locality.  ^ 

Acntgeru, — Fig.  028,  Clathropterii  reetituculua  Hitchcock,  from  Esst  Hampton, 
MsAs.,  near  the  middle  of  the  Saadntone  formation :  in  one  specimen  there 
were  seventeen  such  fronds  radiating  from  one  stem.  Fig.  629,  Pteoyteri* 
Stuilgariteiuit,  mhra  with  the  fruit,  from  the  Richmond  Coal  bod*,  found  also 
in  the  Trias  of  Europe.  Fig.  630,  Cifclopten't  Ltntiri/alia,  from  Richmond.  Other 
ferns  are  the  Aerottiehile*  obfoH</uw  and  Laccoptcrit  fatcatut  Emmoai!,  buth  from 
North  Carolina.  Equitctum  eoluKiiare  occurs  at  Richmond,  Va.,  and  in  Fenn- 
syh'ania.    One  or  two  Cnlnmite$  have  been  found  in  North  Carolina. 

The  vegetation  of  ihe  beds  is  decidedly  Triassic  in  character.  PecopterU 
Stutlgartentii  and  Pieropkgflum  iongi/olium  are  Upper  Triaissic  in  Euroi>«; 
Laceopterii  fatcatM  closely  resembles  L.  grrmitutM,  an  Upper  Triassic  spe- 
cies ;  Cgeloptrri*  Linumifolin  w  near  C.  pnckgrackt*,  also  Upper  Triassic ; 
Clatkroptrrit  and  Voliziti  are  Triassic  or  Jurassic.  The  prevalence  of  Cycadeie 
is  decidedly  Triassic,  and  not  Permian.  Culitmilet  and  species  of  Xruropteri* 
occur  in  (he  European  Trias  as  well  as  in  the  Permian  and  Carbon iferoiu. 


The  Triassic  rocks  of  the  Atlantic  border  have  affordotl  no  traces 
of  Radiates,  and  but  few  MolluskB.  This  singular  fact  is  partly 
accounted  for  tlirough  another  alreatly  stated, — that  the  beds  are 
rarely  marine,  being  in  general  either  fresh-water  or  brackiiih-water 
deposits. 

ArticulaUs  arc  represented  by  both  Crustaceans  and  Inserts.  The 
Crustacean  remains  are,  with  a  single  exception,  Ostracoids;  and 
some  of  the  species  occur  iji  great  numbers :  tw^o  of  them  are  repre- 
sented in  figs.  631,  632.  The  only  fossil  Insect  observed  is  the 
larve  (or  exuvia  of  the  larvo)  of  a  Neuropter  (fig.  632  B)  related  to  the 
genus  Ephemrra,  found  by  R.  Field  in  the  shale  at  Turner's  FalU,  on 
the  Connecticut,  and  described  by  Hitchcock.  It  is  about  three- 
quarters  of  an  inch  long.  This  tribe  of  Insects  appears  to  have 
been  numerously  represented  in  the  Carboniferous  Age  (p.  358).* 


*  Ntttropteronit  Insects  have  four  similar  membranons  reticulated  wings ;  as 
the  species  of  Dmyon-Jltf  t»r  LIMIuln,  Trrmet,  Phryijnnea,  EpKcmrra. 

Orthoptert  hare  the  outer  pair  of  wings  a  little  coriaceous ;  as  the  Loctut, 

Ofa»ohapper,  Cockroach. 

Co(€*>]Aert  have  the  outer  wings  wholly  coriaceous  and  neatly  meeting  along 
the  back  ;  as  the  BerlUt. 

Htmipttr*  have  the  outer  wings  coriaceous  for  about  half  their  length  onlj, 
as  the  Squath-bug,  or  uniformly  thin,  as  the  CicatUe ;  the  mouth  is  a  snokiog 
beak. 

Lrpiilopten  hare  large  wings  covered  with  mlDate  scales ;  u  the  ButUr/ty 
and  Jl;ih. 


2.  Animals. 
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Buttttlthoa^  relics  of  Insects  and  of  Crustaceans  other  than  Ostra- 
ri>]ih  aro  ran*,  several  species  of  these  classes  of  Invert<'brates,  and 
also  of  Worim,  uru  indicated  by  tliu  track.s  which  they  left  on  the 
material  of  the  finer  shates.  Figs.  633-637  represent  some  of  these 
f'vvtinarks.  Those  of  Insects  were  probably  made  by  larves  which 
live  in  water,  like  tho«o  of  many  NeuroiJters.  Nearly  thirty  spbcies 
of  Articulates  have  been  nuiued  by  Hitchcock  from  the  tracks. 

The  Verteintet  thus  fiur  made  known  from  their  ftmils  and  fboi^ 
prints  outnumber  all  other  kinds  of  iuiimul  life ;  and  many  were 
of  remarkable  siae.  They  include  not  only  Fishet  and  RqatiUa,  but 
also  the  first  of  BMk  and  Mammait,*  Thus  the  sub-kingdom  of 


Bfmumpttn  1wt»  twu  aMibtaiMMu  wiasd  viags,  ths  utwior  lbs  larger; 

M  the  Ber,  \Vn»p. 

DifUn  iuivo  two  memliranouj  wingx;  tut  tho  Hoife-fl}/. 

These  are  the  aaor«  oummun  of  the  grand  divi.iiuni)  of  Insocta.  The  Hy- 
mtaoptera  are  regarded  as  highest  in  rank.  The  Ltpidoptent  Dipttr;  and 
Btmifttn  have  sucking  moutha;  in  the  other  tribes  mentioned  there  are  jaws. 

•  WMi^flntappoanuieeor  Maaiiaals  ia  tbe  Owilegieal  Ustsiy,  a  gMMKSl 

view  of  the  clMFification  of  this  clacn  ix  here  prtMtonted. 
Among  Mammals  there  are  three  prominent  groups : — 

1.  JVWh,  who  staads  apaii  Aon  the  reet 

2.  Triir  rir!jtnrn»m  tr{hr»  (or  n»ii-iH»r«iiy)ia/),  including  all  nwMnmrj  Mani—ala^ 

as  the  Monki-y,  Lion,  Elephant,  Ox,  Whale,  Uat,  Muukv,  etc. 

i.  Simi'orifiarimt  tribtt  (moftly  marmpial),  in  which  birth  takes  place  before 
the  maturity  of  the  young,  as  in  ovip8rou!<  animnN,  and  including;  the  Opossua, 
Kanf^aroo.  Ornithorhynchus,  etc.  They  are  the  lowest  of  Mammals.  The  mot* 
•nfnul  species  are  so  called  beeaaie  thegr  have  a  penok  (la  Itetia  meriMjifew) 
below,  for  carrjin;;  the  immature  young. 

This  third  gmup  is  to  some  extent  parallel  in  its  reries  of  species  with  the 
neoad,  or  non>mariupial ;  that  ii^  there  are  Camirnn>!<,  Horhivurcs,  leeeetl- 
vorcB,  Rodents,  etc.,  in  both  gnmpiii— eo  that  the  tribes  of  Mamaals  are  repie* 
sen  tod  under  both  types. 

The  nnn-manopiida,  or  higher  Mammals,  eeotaia  in  themealTei  two  distfaiet 
aad  parallel  eeriee»  eorresponding  to  two  graad  divisions: — 

1.  The  Mefjntthmw  (fr«>m  ^yatfffrtnt,  and  sfla«f,  wtrm<fth). — The  superior  type, 

ba.«e<l  on  a  liir^pr  nmi  innro  powiTfijl  ty|  f  >tnicliirc  nr  lifcf yiitcm,  as  the 

Monkey,  Lion,  and  other  Canicortt,  Ox,  Elephant,  and  other  Uci  bitvrM,  Whale 
Mid  ether  JTnliVatai. 

2.  Thr  Mirrniihrnri  (from  »mnll,  and  oflrie<). — The  iiifcrinr  type,  bnned 
on  a  small  and  weak  type  of  struoture  or  lifc'Systcm,  as  the  Bat,  Hedgehog, 
aad  other  /nseellMirea,  lioue  aad  other  ib<fs«ts,  Sloth  aad  other  Bruttt  or 

Eiltntn  tr: 

The  parallelism  between  the  two  groups  is  complete.  The  Bats  in  the  latter 
ispsessat  the  Moaksji  ia  the  foimerf  the  oid«ra  having  so  eloee  relations  that 
they  fbllew  one  aaother  ta  Cavht'S  dasdfleatiea  i  tho  /usselflgerM  leprssent  tbs 
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Vertebrates  ha»  from  this  earliest  period  of  the  Mesoroic  all  it« 
grander  subdivisions  or  classes  represented. 
The  Fxihet  are  all  Oanoids  (fig.         like  the  Paleeozoic.  but  they 


Canti«orr»  ;  the  Rodtnl*  represent  the  Iferbirot-et ;  and  the  Eiimlnte;  or  Sloth 
tribe,  the  Mutilate:  The  Sluth  tribe  cuntaina  8oiuo  large  auiiunl«,  but  thej 
have  overgrown  bodies,  too  bulky  tu  be  wielded  well  by  the  nioall  life-ay."lem 
within.  A  ayittein  of  structure  fitted  for  active  muveinent  would  have  been 
thrown  away  upon  them. 

The  true  oloHKification  of  Mammals  is,  heno«,  as  follows: — 

I.  Archoxth — Max  (alone). 

II.  Megabtbexes. 

1.  QraoRUNA.VA,  nr  Monkbts. — The  members  (or  at  least  the  posterior) 

fumitihcd  with  hands, — that  \»,  having  a  thumb  opposable  to  the 
fingers  for  grasping;  inoisors  two  on  each  Jaw;  clavicles  perfect; 
mammw  pectoraL 

They  include  (1.)  The  Strep*irrkiHt;  found  in  Madagascar,  and 
divt-rgiii^  thence  tu  Africa  nnd  the  East  Indies,  having  curved 
or  twintcd  terminal  noi^trils,  and  the  second  digit  of  the  hind 
limb  n  claw. 

(2.)  The  Pluitfrrkinet,  peculiar  to  South  America,  having  the  nostrils 
subterminal  and  wide  apart,  the  thumb  of  the  fore  hand  not 
opposable,  or  wanting;,  and  the  tail  in  m<>«l  pri>1u>nitilc. 

(3.)  The  Cadirrhiiif,  ennfinod  to  Africa  und  A>ia,  excepting  one  at 
Gibraltar,  having  the  n«i<(ri1.-<  oblique  and  approximated  b«low. 
and  opening  above  and  behind  l.b«  musile;  the  thumb  of  tbe 
fore  hand  opposable. 

These  arc  the  higher  9pcc!e.<>.  nnd  among  them  the  highest  group  is 
t:iil-lr<i!<  (the  Or.tng  and  Chimpunzec). 

2.  CvKXivonEs  ( Fle*h-etttcr!<,  Bea.st9  of  prey). — Fc«t  with  claws  (ungai- 

cnlnte)  and  the  lower  surface  having  the  special  sense  of  touch.  The 
incisors  three  either  side  in  each  jaw  (except  in  the  Sch1»),  and  the 
canines  one;  canines  longer  (hun  the  other  teeth.  Molars  trenchant 
or  tuberoulnte,  Hc<M>rding  as  the  food  is  more  or  let's  completely  of 
flcxh  ;  clavicle  nidimental  or  wanting. 

(I.)  Digltiffradet. — Walking  on  the  toes,  without  touching  the  heel 
to  the  ground,  as  tho  I, ion.  Cat,  Hog,  Weayel. 

(2.)  Plnntiifradrn. — The  palm  of  the  hind  fet-t  touching  the  ground 
in  walking,  as  the  Hear,  Kaec<Htn,  Badger. 

(3.)  I'iuniijriuUt. — Moving  by  means  of  fin-liko  paddles,  as  tbe 
Seal,  Walrus. 

3.  UxoT'LATES,  or  Herbivores  (Plant-eaters). — Feet  hoofed,  anfit  for 

grasping,  and  of  low  tactile  sense;  tho  limbs  restricted  in  use  to  sup- 
port and  locomotion.  Molars  with  broad  summits,  for  grinding. 
No  clavicles. 

The  number  of  toes  is  either  even  or  odd, — that  is,  either  two  or 
four,  or  one,  three,  or  five;  and  an  important  distinction  is  baaed 
upon  this  by  Owen  : — 

(1.)  ARTionACTrLH.or rreu-forrf. — Dorso-lumbar  vertebne  nineteen. 
Horns,  if  any,  in  pairs.     Include  (Ij  tbe  Humt}na>tU,oT  animals 
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include  ppories  that  have  the  tails  only  half-vertebratc<l,  or  not  at 
all  so.  And  thus  it  in  that  the  progreiM  of  the  Ages,  aa  first  observed 
by  Agaasia,  is  marked  in  th*  toUB  of  the  Fkhei. 


that  chew  thu  cu<l,  which  are  all  twn  tocd,  &»  the  Cow,  Sheep, 
Antelope,  Anoplothcrium,  Camel.  (2}  The  Omnivore»,M  the  Hug. 
(2.)  PKRISSUDACTYI..H,  or  odd-toetL  Dono-lumbar  vcrtebrte  more 
than  nineteen,  llurnii,  when  anj,  never  in  pnirii.  Include  ( 1)  the 
Suh'dnngalalet  («olid-boofed),  or  ouc-tucd,  aa  the  lioriic,  Ah^ 
AnehUberinm,  Ilipparion  [Hacraaohooia?].  (2)  MuitHujfulatm, 
bavlBg  three  or  five  tuea,  a«  the  Tapir  (bind  feet  three-to«d» 
ftont  foar-toed).  RbinoeenM  (Unw-toed),  Psbavtlieriani  (thrw- 
toed),  Lophkidoii,  eto.  (8)  JVeAowMto,  M  the  Ebphant,  Um- 
todna,  haring  Ave  to«^  uid  a  ftobeaeiiv  with  tnaks  ftom  oae  «r 
heth  jaw*. 

4  MvTibam.— The  limb*  Aert  and  paddle-like,  fur  swimming,  (t) 
Cetacenut,  u  the  Whales.  (2)  JSHnmia,  as  tha  Tiamantin  or  Maiula^ 

and  the  Dugong  or  Haiioore. 

ILL  MlCROSTBEBBf. 

L  CaiaOPnas,  or  B.<ts  (anslogne-i  of  the  Qusdnunaaa). — Having  wing- 
liha  ezpensionii  uf  lh«  (ore  limbs.  Mammss  pectorul.  Hil>emBte. 
BabdlTfaions — (1)  /asseflMres,  or  Insect-eaters,  and  (2)  Frugirora, 
or  Fraift-aaters. 

S.  IxaaenTOBSt  (Iiis«et-eatan»  malognes  of  the  Camirona).— Tba 
Bolar  teeth  staddad  with  eoaioal  poliita  and  aiaodated  with  tad* 
sors  and  canines.  L^gs  thoirt  Slow  la  ■evaaaal^  at  tha  lIol% 
Shrew,  Hedgehog. 

S.  Soaavfs,  or  OwAwawt  fPniU  and  Root  eatm,  ■aalogaes  of  the  Heir- 
bivores). — ^M^Inrs  wlrh  flnt,  irririilin^;  Hiiinniits:  tw<i  Ikhk  incurved 
ineisors  in  each  jaw,  separated  bjr  a  wide  space  from  the  molars: 
as  the  Hoeae,  Sqninel,  Beaver,  Ptoreaplae^  Okpybara.  Haay  hther* 
note. 

4  Bbctbs,  or  Ede.vtatbs  (analogues  of  the  .Mutilates). — The  incisors  and 
aaaiaei^  with  a  rare  eseeptloa,  waating,  and  aumo  apeeiaa  whoUjr  wiCh< 

out  teeth.  The  xacruiii  tiiiulc  'T  two  uiiitcil  vcrtrbrir,  a.<  in  Reptiles. 
Twentj-three  ribs, — an  unusual  number,  also  a  Reptilian  feature. 
The  laeth  wlthoat  eaaoMl,  aad  aoaa  avar  laplaaad  hy  a  new  sat  Lagi 

with  claws,  but  motions  all  slow.    Include — 

(1.)  The  DntypHi  or  ArtnndiHo  croiip,  covered  with  scales  or  a 
carapax.— r..^..  Armadillo  or  Dunvpun,  ChhunjrdopboVO^  Olyp- 
todon,  Chlanivdothcrium,  I'achythcrium. 

(9.)  The  Hrtidi/iu»  nr  Sl»tk  trihr.  without  n  carapax  or  ooat  of 
mail,  and  mostly  covered  with  hair;  furnished  with  inidan>,  as 
the  Sluth,  Megatherium,  Megaleoyx,  Mvlodon,  Scelidniherium. 

(3.)  The  Mgrnteapkofpu  or  Aal-eofer  triU,  as  the  Mjrmeoopha* 
guB^Aai-aatM'),  O^otaropoa. 

Bivi-OTiFA«Aas.  or  Oancoiva. 

L  MAnsri>i  Ai.«  fTri'm  hud  ifi//>/ii/ii,  a  poiieh). — Young  prematurely  hom.nnd 
carried  while  still  in  the  embrjronic  state  in  a  ponob  o%-er  the  bell/, 
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Thp  Reptiles  must  have  been  very  <liversifietl  in  form  and  size, 
but,  although  fragmtMits  of  the  skeleionM  of  several  sj>ecic»  have 
been  found,  a  much  larger  number  nro  known  only  from  their  foot- 
prints. The  foshils  have  been  discovert-el  in  Princo  E<lward's 
Ishmd  (Nova  Scotia),  Pennsylvania,  and  Nortli  Carolina.  One  of 
the  most  interesting  locjililies  is  at  Phtrnixville.  Pa.,  where  there  in 
literally  "a  bone-bed,"  as  recently  describoil  by  Wlioutley.  Some 
of  tlie  teeth  of  the  Reptiles  are  >*hnwn  in  figs.  r>4.'>-)>-lH.  The  ani- 
mals belonged,  apparently,  to  the  tribe  of  Lacertian.s  ( Lizard  tribe), 
nnd  to  that  of  Labyrintho<lonts.  Fig.  04.'),  from  the  tooth  of  a  Rep- 
tile fnun<l  in  Prince  Edward's  Island  [Bathygtuithus  borealu  Leidy)  is 
reduced  one-half. 

There  may  also  have  been  Flying  Reptiles,  Pterodactyls  or  species 
of  some  other  unknown  genus  of  Pterosaurs ;  for  a  fos^jil  found 
by  Wheatley  at  Pha?nixville,  Pa.,  much  resembles,  according  to 
Leidy,  the  wing-finger  of  »uch  a  Reptile:  it  consists  of  two  slender, 
hollow  bones  joined  by  an  articulation.  None  of  the  footprints 
correspond  in  form  to  the  foot  of  a  Pterodactyl ;  but  it  is  doubtful 
whether  any  tracks  of  a  flying  species  could  reasonably  be  looked 


Tlie  Reptilian  footprints  (figs.  63IM>44)  vary  from  a  length 
of  one-fourth  of  an  inch  to  twenty  inches,  and  many  of  them 


with  the  month  att«cho<l  to  the  nipples;  having  two  bonoii,  called 
iDArxupial  linncK,  attached  to  the  anterior  innrgin  of  the  pelvis  ;  \l»  the 
OpoBnutn  (Didclphys),  Kangaroo  (Macropux),  etc. 

3.  MoNOTRKNES. — Without  teeth;  m*  external  earn;  no  pouch,  but  still 
having  marsupial  bones: — r.'j.  (I)  the  Ornithorhynchu.«,  having  % 
covering  of  hair  and  a  dui-k  liill ;  (2)  the  Kchidnus,  having  a  cover- 
ing of  Rpincii  and  knir,  with  the  hnhit  of  tho  Porcupine. 

Thi«  order  includes  several  groupy,  which  aro  appruximately  paral- 
lel with  thom;  nf  iho  N<>n-niar«upial». 

(1.)  Martufiial  iloukrif*. — Ex.,  the  genus  Phalangista  (Phalangers), 
Phascolaictog. 

(2.)  .Vnr»npiiit  C'lrHt'rnrt: — Ex.,  Dnsvurus  (Dear-OpoBsuni),Thvla- 

cinus  (Dog-faccil  OpuKMum),  Tbyhicoleo. 
(3.)  Mi\r*Hf>ial  Hfibirorcii  (approximately ). — Ex.,  Ilypsiprymniia, 

Maoropus  (KnnKarun).  Xototherium ;  and  of  tho  J'tichyHrrm 

tribe,  tho  great  Diprot<>don. 
(4.)  Mnr»ii}unt  lutrriintrt^. — Ex.,  Pcrntnelcs  (Uaiidiconts),  Chsro- 

pus,  Mjrmecobiii!<,  Didclphy.t  (Opojisum). 
(5.)  Miiimifif'tl  Ho'lruifi. — Ex..  Phaj»coliitny»  (Wombat). 
(6.)  Monoirtmt  Ethntnirt. — Ex.,  Echidttus,  Ornithurhynchui. 

Tho  living  species  aro  confined  to  Australia,  Ta.itnania,  and  the  conti- 
nent of  America,  one  species — tho  Opossum-^ocurring  in  North 


for. 


America. 
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apfioar  to  have  boon  iniulo  liy  Ratrachinn«  or  I.alivriiitlindoiits. 

Whiif  tbesmaiiest  U-ack>  indn  atc  species  of  Uiminulive  as  com- 
pmd  with  a  modern  Irug.  tiie  largest  must  have  been  of  enormous 
donenfloiM.  Profawor  Uitohoock  calla  the  most  gigantic  of  these 
species  Otozottm  Moo<lii.  Tlie  animal  had  a  stride  of  three  feet,  and 
appears  to  havo  walked  like  a  liipi-d,  only  ocoasionally  bringing  his 
fore  feet  to  the  ground,  an  impre.>.->ions  of  the  hitter  ure  not  often 
dirtinet.  F^;.  C44  is  the  fore  foot  of  this  specieB,  much  reduced 
(tirenty  inches  being  its  full  length),  nnd  (>44a  the  hind  foot:  thdr 
relative  sizes  aro  lit  re  retained.  One  of  the  s])eeimen8  of  this  spe- 
cies in  the  Amherst  Cabinet  is  a  slab  thirty  feet  long,  coutaiuiug 
defentvaeka. 

In  some  species  the  impressions  of  the  hind  feet  have  hut  three 
toes  and  resemble  the  tracks  of  birds.  This  is  seen  in  fig,  641  a 

(Anomapus  scamf/u.'^  Ilk.). 

The  print  of  the  fore  foot  of  the  ^amc  animal  is  four-toed,  as 
thown  in  ftg.  641.  These  figures  are  one-sixth  the  natural  sise.  It 
is  remarkable  that  the  toes  of  the  hind  feet  have  two,  three,  and 
four  plialanpos  successively,  like  tlio  toes  of  birds, — a  pocidiarity 
now  unknown  among  Reptiles,  but  which  cliaracterizeU  afterwards 
tiielgnanodon,  the  giant  Reptile  of  the  Wealden. 

Professor  Hitchcock  has  described  WW  fifty  species  of  Reptiles 
fiflm  till-  tiat  ks  found  in  the  sandstone  of  the  Connecticut  valloy. 

The  evidence  with  regard  to  the  existence  oi  Bird*  at  this  period 
has  been  shaken  somewhat  by  the  discovery  of  the  three^oed  rep> 
tile^racks;  and  it  is  not  impossible,  as  was  early  suspected,  that 
all  the  supposed  bird-tracks  may  tum  Ottt  tO  be  Reptilian.  StlU, 
thi*  doi  s  not  appear  proliablo. 

Tlie  largest  of  the  bird-tracks  was  of  gigantic  size,  like  the 
brgest  of  those  of  the  Reptiles.  Fig.  649  shows  the  form.  It  was 
nearly  two  feet  long;  and  from  its  depth  und  the  great  length  of 
ffridc  it  is  ovidont  that  tlio  animal  was  tall  and  lioavy. — proliably 
fourteen  feet  high,  exceeding  tlie  Ostrich  of  our  day,  and  even 
the  huge  Moa  of  New  Zealand.  Smaller  species  were  common, 
•nd  many  of  them  have  been  described.  Fig.  (i49  A  (from  Ilitch- 
eodk)  reprosonts  a  large  slab,  with  its  lino^  of  tracks,  showing 
that  a  number  of  birds  (a,  6,  c)  and  batrachiun.s  (</J  passed  along 
ever  the  muddy  surface  during  the  same  day,  or  before  the 
tides  or  freshets  made  new  depositions  of  detritus:  the  tracks 
J,  r,  arc  enlarged  views  of  and  .still  are  only  one-tenth  of  the 
natural  size.  The  birds  of  the  period  appear  to  have  been  either 
long-logged  waders,'  or  species  of  the  Ostrich  type.  None  were 
«eb-fboted. 


426 


ME80Z0IC  TIME — REPTILIAN  AOE. 


The  numlwr  of  species  of  birds  named  by  Hit'Chcock  from  the 
footprints  of  tlie  Ck)nnecticut  valley  is  thirty-one. 

Fossil  bones  have  been  obtained  from  these  beds  at  Winditor,  Ct. 
They  are  hollow,  and  may  have  belonged  to  birds ;  but  Dr.  Wyman 
states  that  it  is  also  possible  that  they  were  the  bones  of  Flying 
Reptiles. 

The  only  Mammal  thus  far  made  known  was  discovered  by 
Professor  Emmons  in  North  Carolina.  The  Hpecimen  is  a  jaw- 
bone (fig.  GfiO),  and  it  belonged,  according  to  Professor  Owen,  to 
an  Insectivorous  (Insect-eating)  Mar^^upial  near  the  modern  genus 
Mi/rmcco6ius  of  Australia.  The  epecies  has  been  named  by  its  dis- 
coverer Dromatherium  syloeitre. 

It  is  altogether  probable  that  Mammals  of  similar  kind  were 
as-sociuted  with  the  Birds  and  Reptiles  in  the  Connecticut  vallev. 
To  give  some  idea  of  the  general  form  of  the  earliest  of  Mam- 
mals, u  drawing  of  the  M)/rmec<^iii9  is  given  in  fig.  663  B.  The 
genua  is  confined  to  Australia. 


Charaeteristie  Species. 

1.  BffoIIuskS. — Conehi/er*. — Jfyacilet  PtHntifttaHi'en*  Conrftd,  from  th«  Black 
«Ute  uf  I'hcenixvillo,  Pa.  Two  other  «pccies,  referred  bj  Whcatlcj  with  •  query 
to  Pbuladomya  and  Unio  or  Potamotnya,  occur  at  the  8«ine  locality. — An 
iiu|>errect  shell  frum  near  Mount  Turn,  Ma»8.,  is  referred  by  E.  nitchct>ck.  Jr., 
tu  the  JiMiii'ltM. — The  Pofidnniit,  formerly  supposed  to  t»e  Mollaacaa,  are  Do« 
regarded  aa  Cruataccaus  of  the  genus  Etiheria. 

2.  Articulates. — (a.)  (?ri(«fo<«-fii»».— O^traeoids:  Fig.  831,  E»then'a  omfa 
(Pu»id(iniu  niinuta),  from  Richmnnd.  Va.,  and  Pbcenixville,  Pa,,  resemble*  the 
P.  iNiHiira  of  the  Kuropean  Trias;  fig.  fl32,  E.  ocali*  Eniinons,  from  North  Caro- 
lina ;  fig.  632  A,  E.  parra  Lea,  Pheenix villc,  Pa.  (=  E.  ovalis  ?).    Two  species  of 


Figs.  63I-«32  B. 


r\fi.  631,  Eatberia  orata;  K.  oriiKs;  C32  A,  E.  ponra;  C32  B,  Palepbemer* 

uieUiarva  (  X  )  )- 

Cjfprx;  one  aronnth  and  the  other  granulate,  occur  at  PhoDnixrillo  and  fiwvBaed, 
Pa.  Figs.  638,  837  represent  tracks  referred  by  Hitchcock  to  Macrouran  Crus- 
taceans. 

(b. )  Intreti. — Fig.  6.12  B,  cxur  ia  of  a  Xcuropteroua  larve,  related  to  Epl^rmfra, 
According  to  J.  L.  Lo  Conte.    The  appendages  aloug  the  sides  are  probably 
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bnnehuB  attached  to  the  abdomen.  Tracks  of  different  insects  are  shown  in 
ftgs.  from  Uitchcook.     On  comparing  especially  figs.  633,  634  with 


Figs.  633-637. 
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Flpi.  633-036,  Track*  of  Innectn;  Ofi.  637.  Tracks  of  (Vn«fiieoiin»f 


tbe  footprints  t>(  some  living  insects.  Dr.  Doane  found  a  close  resemblance 
between  thrm. 

3.  Vertebrates. — (n.)  Fiil,f».—V\g.  6.38,  CntopUmt  ^raeilin  Rcdfield  (re- 
duced one-half),  from  Middlcfield,  Ct.,  and  also  from  North  Carolina  and  Phee- 
Durille,  Pa.;  638  a,  scale  of  same,  natural  size.    There  are  also  other  species 

Fig.  638. 


Fig.  638,  Oa:«oii>,  Oatoptems  gracflU  (  X  H  )i     Scale  of  same,  natural  size. 

rf  CntopferuM ;  also  species  of  hrkypimt*,  and  of  Tur»to<twt  Leidy  (related  to 
BtloDdftomus  or  Eugnathus).  In  the  last  the  tail  is  not  at  all  vcrtebraled 
••r  faetentccroa).  Rndiolrpi*  »ptcio»ua  Einmnns  is  another  Ganoid,  from  Xitrth 
C«pilinft  and  Pennsylvania. 

Tbe  best  localities  of  fossil  fishes  arc  Sunderland,  Mass.;  Middlefield  Falls 
•wi  Southbury,  Ct. ;  Richmond  Coal  beds,  Vo. ;  Phcenixvillc,  Pa. 

(4.)  Reptile*. — (1.)  Amphibian*. — Fig.  C43,  Ani»opu»  ijrarili*  Hk.,  reduced  one- 
•kird.  Fig.  642,  .-lni«oy>iM  Ihiceifauu*  Hk.,  hiilf  natural  sixc.  Fij;.  6:{y,  Mncrnptema 
rfiraricaiu  Hk.  (reduced  to  one-sixth),  may  also  be  Bntnichtan.  Fig.  641,  Oto- 
(osai  iloodii  Hk.,  is  |>osgibly  allied  distantly  to  the  Labyrinthodunts,  although 
difering  mach  from  the  knoivn  Liibyrintliodont  tracks.  Portions  of  the  ske- 
leton of  Labyrinthodonl  Amphibians  have  been  delected  by  Loidy  among  the 
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fossUa  of  Gwynned,  Pa.,  twcoty  miles  north  of  Philadelphia,  and  alM»  among 
those  found  at  Phcpnixville ;  and  Emmons  has  figured  a  portion  of  the  head  of 
a  fine  species  from  North  Carolina. 


Figs.  039-644. 


Pig.  639,  Macropterna  dimricuns  (  X  %);  WO,  Apatichnns  bellus  (  X  M);  Ml,  Anomwpns 
scamUiK,  fnrv  roi>t  (  X  Vii  Wlu,  hliid  TkiI  of  MiDiti;  Anisopns  I>e«'eJ^anll^  foro  foot 
(  X  ^ ):  M2a,  hind  fcHtt  of  Mtnc:  <M3,  A.  Kraclli«,  fore  fuot  (  X  MS  a.  bind  foot  of 
same;  M4,  Otoionm  Muudii,  fur«  foot;  6i4a,  bind  foot  of  same  (twtb  X  ). 


(6.)  Lncerttan: — Fig.  647  ii«  a  tooth,  natural  size,  of  the  Clepty$amni*  Pnm- 
»iflvaukHt  Lea.    It  has  a  sharp  dcnti-  Figs.  646-648. 

culato  edge.    Occurs  in  Division  1  in         .  ^ 


North  Carolina,  and  also  ncur  Pliocnix- 
villc,  Po.  CtittemotioH  *nle>ilH»  Lea  is 
the  naracofa  rclnted  Reptile  from  Phcc- 
nixville.  Fig.  64S  is  a  striated  tooth 
of  Ritliodon  Cuitflinvnti*  Emmons.  Fig. 
646,  tooth  referred  to  a  Pnliemaiir, — one 
of  the  Thecodont  Laccrtians, — a  short 
and  broad  flattened  tooth.  Fig.  645, 
B(tthi/tfunthit*  hormli*  Leidy,  from  Nova 
Scotia  (reduced  one-half).  Coprolifcs 
are  abundant  in  the  shales  of  Phceni.x- 
villc.  Fig.  641,  n,  AuoninrpHu  tcnmbun 
Ilk.,  is  probably  the  track  of  a  Lacer- 
tian,  but  its  relatinn.<«  are  very  doubtful. 


A  general  review  of  the  Pcnnsyl-  „,          „  . 

vania  species,  with   notes  on  others,  p„,^^nVu»  C-rolinen^U:  ««<i. 

is  given  by  Wheatley  in  Am.  Jour.  &ci.  tiouofwine;  647.  aei)sy««urn»  Penosyl- 

[2]  zzxii.  41.  vanicns  ;  648,  Rutlodon  CarolioeDsis. 
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(r.)  Hirrit. — Pig.  <549.  Brontmuum  gujantetim  Ilk.,  r«<luce«l  to  ono-oizth  natanl 
OMi  Tig.  649  A  npreienU  part  of  a  slab  of  •antUtone  figond  bj  Hitoh* 


ng.M0.  Fig.  649  A. 


iMMWClBMtMB(XX)-  BlrdiaDdltoptaM(XA). 


wck,  one-thirtieth  natural  Bixc  lineally :  a,  h,  c,  are  three  kinds  of  bird-Uk« 
(nckl;  a  and  e  are  of  the  gcnog  Bmntoxonm  Ilk.;  n,  a,  same  as  b,  but  drawn 
Imtr  to  fhow  the  articulntionji  of  the  toes.  Fips.  tl,  r,  arc  two  kinds  of  Rep- 
WaM  tracks  of  the  genus  Anitopun  Ilk.,  d  Aiil»ui)ug  Dnrrynnw  Hk.  Natnral 
iMgth  of  ff,  4  inches ;  of  ft,  8  to  9  inches ;  of  c,  3}  inches ;  of  d  and  e,  1  to  1| 
ioekn.  The  best  lociilitipH  of  trncks  of  hinlit  imd  Other  snimalt  are  at  Oroen- 
telltnd  Turner's  Falls,  Mass.;  Portland,  Conn. 

«}  jfaiwafi.  gig.  650,  JtrvtMOuritum  ftimtre  Emmons,  from  North  Caro> 
W  Ovw«grt«fllM9«tethat«thkTilaMie or LianiolUBamalwoald appear 


I*  lad  its  nearast  living  analogue  in  Jfi/rmtrofn'v»  ;  for  each  nunni  rf  flMlomf 
iwetataiaad  (m  wtl*  molan  ia  a  continuous  scries,  one  caniiM  tad  tluM 
>mli$ifkMlHMk--flw  lattar  baiog  divided  by  short  intarvala." 
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m.  Diaturbauoes — Igneous  action — Trap  rooks. 

Trnp  ridges  and  dikes  nceompany  this  formation  on  the  Atlantic 
border.  The  rocks  constituting  them  are  of  igneous  origin,  and 
were  ejected  in  a  melted  Htate  tlirough  fissures  in  the  earth's  crust. 
It  is  remarkable  that  these  fractures  should  have  taken  place  in 
great  numbers  just  where  the  Triassic  beds  exist,  and  only  spar- 
ingly east  or  west  of  them.  The  igneous  and  aqueous  rocks  are  »o 
associated  that  they  necessarily  come  into  the  same  history. 

The  era  of  these  ejections  is  supposed  to  have  begun  near  the 
middle  of  the  Sandstone  period.  But  it  may  have  continued  into, 
or  been  mostly  confined  to,  the  periml  next  following  the  dei>osi- 
tion  of  the  beds.  Professor  Hitchcock  reports  that  near  Mount 
Tom  tufaceous  layers  made  of  fragments  of  scoria  intervene  be- 
tween the  sandstone  beds  near  the  mid<lle  of  the  series,  proving 
that  the  ejection  took  place  before  the  following  beds  had  been 
deposited  ;  but  after  an  examination  of  the  region  the  author  re- 
gards it  as  more  probable  that  the  appearance  of  scoria  is  owing 
to  an  escape  of  steam  laterally  from  between  the  opened  strata 
during  the  ejection  of  the  trap  of  the  adjoining  mountain.  Mount 
Tom  and  Mount  Ilolyoke,  of  Massachusetts,  are  examples  of  these 
trap  ridges;  also  East  and  West  Rock,  near  New  Haven,  and  the 
Hanging  Hills,  ne^ir  Meriden,  in  Connecticut :  the  Palisades  along 
the  Hudson,  in  New  York  ;  Bergen  Hill  and  other  elevations  in 
New  Jersey, 

In  Nova  Scotia  there  is  a  long  range  of  trap  skirting  the  whole 
red  »an<lstone  region  and  facing  directly  the  Bay  of  Fundy  ;  Cape 
Blomidon,  noted  for  its  zeolitic  minerals,  lies  at  its  northern  ex- 
tremity, on  the  Bay  of  Mines. 

In  Connecticut  the  ridges  and  dikes  are  exceedingly  numerous, 
showing  a  vast  extent  of  igneous  action. 

The  following  map  (fig,  6.51),  from  a  more  complete  one  of  the 
State  by  Percival,  will  give  some  idea  of  their  number  and  posi- 
tion. They  commence  near  I>ong  Island  Sound,  at  New  Haven, 
just  south  of  the  southern  jmrtion  of  the  map,  where  they  form 
some  bold  eminences,  and  extend  through  tlie  State,  and  still  far- 
ther north,  nearly  to  the  north  boundary  of  the  State  of  Massachu- 
HCtts.  Mounts  Holyoke  and  Tom  arc  in  the  system.  The  general 
course  is  parallel  with  that  of  the  Green  Mountains. 

Although  the  greater  part  of  the  dikes  are  confined  to  the  sand- 
stone regions,  there  are  some  lines  outside,  intersecting  the  crys- 
talline rocks  and  following  the  same  direction.  These  also  may  he 
partu  of  the  system,  for  those  in  the  sandstone  actually  intersect 
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these  crystalline  fooki,  underneath  the  snndBtone.    Even  the  little 
Southbiirv  TriaK<iic  ro>rion  has  its  trap.  Mid  it  has  the  aanie  direction 
as  in  the  Connecticut  vuUey. 
The  trap  usxially  fonna  hilb  with  a  bold  oolunmar  front  tad 


Fig.  Ml. 
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eloping  bnck.  In  many  cases  it  occurs  simply  as  a  narrow  dike. 
It  ha»  roiiu'  up  through  fi!<8ures  in  the  xiindstono,  and,  as  it  escap<Hl. 
it  ofton  thickened  up  into  high  elevations ;  yet  nowhere  does  it 
»eem  to  have  flowed  far  over  the  surface.  Jn  many  ca«e»  it  has 
made  its  way  out  by  opening  the  layers  of  sandstone ;  and,  owing  to 
the  <lirection  of  the  dike  or  fissure,  and  that  whidi  this  lateral 
escape  was  calculated  to  j)roduce,  the  ridge  of  trap  has  often  as- 
sumed a  curved  form,  as  apparent  in  the  maj». 

The  proofs  that  the  trap  was  actually  melted  are  abundant.  For 
the  sandstone  rocks  have  in  many  places  been  baked  to  a  hard  grit 
by  the  heat,  and  at  times  so  blown  up  by  steam  as  to  look  scoria- 
ceous.  In  some  places  the  uplift  has  opened  spaces  b<»tween  the 
layers,  where  steam  has  escaped  and  changed  the  clayey  sandstone 
into  a  very  hard  rock  looking  like  the  trap  itself.  Occasionally 
crystalline  minerals,  as  ejjidote  and  tourmaline,  are  among  the 
results  of  the  baking.  The  evidences  of  heot.  moreover,  diminish 
as  we  recede  from  the  ridges ;  and  there  is  no  doubt  that  the  sand- 
stone has  been  extensively  worn  away  by  waters  where  it  had  not 
been  rendered  durable  by  the  heat. 

In  nil  the  leveral  regions  along  the  Atlantic  bonier  the  strnts  are  in  moft 
liarts  much  tilted.  In  North  Carolina  there  ix  in  general  a  (li}>  oT  10°  to  22' 
to  the  «outbiTe»t  (Emmons):  in  Virginia,  Maryland,  Pennsylvania,  and  >'«w 
Jersey,  the  dip  is  to  the  northwest  or  north-northwest  (R'>ger.«);  in  ronnecti- 
cut  and  .Massachusetts,  to  the  east  or  southeast  (IIitchc<H:k).  But  there  arc 
many  variations  at  short  intervals.  In  the  I'ortland  quarries  there  are  joints 
on  a  grand  scale,  having  two  transveriic  courses,  nearly  north-and-south  and 
east- and -west. 

Some  of  the  dikes  of  trap  and  fissures  in  the  sandstone  in  Con- 
necticut and  New  Jersey  contain  copper-ore  (copper-glance,  eru- 
bescite  and  malachite),  and  there  is  little  doubt  that  the  copper 
veins,  and  the  barytes  which  is  often  the  ganguc  of  the  vein,  ori- 
ginated in  the  same  period  of  eruption.  The  red  color  of  the 
sandstone — a  consequence  of  oxydation  of  magnetic-iron  grains 
present  in  it — appears  to  have  ha<l  its  origin  in  the  same  cause. 

This  hUtory  of  the  Triassic  of  the  Atlantic  bortler  and  its  trap 
dikes  api>ears  to  be  a»  repetition  of  what  took  place  long  Ix'fore, 
during  both  the  Iluronian  and  Potsdam  i>crio<ls,  in  the  Lake 
Superior  region,  where  a  similar  subsidence  (lO,OH)  feet  in  the 
former,  and  30<X)  or  -lOOtl  in  the  latter),  and  similar  igneous  erup- 
tions, accompanied  the  formation  of  the  beds. 


TBIASaiC  i>£&10D. 


2.  FOREIGN  TKIASSIC. 

The  region  over  which  the  Triossic  rocks  outcrop  in  England 
MiclohM  aeroM  the  talMid  from  south-Mmthwect,  along  bgr  the 

Britisli  CJuinnel,  to  the  north-northeast,  and  also  from  the  centre 
of  thiii  band,  along  e  northwestward  course,  tn  Liverpool,  and 
tbenoe  north  up  the  west  coast,  thus  dividing  Kngland  into  four 
parts,— •  southwestern  (the  peninsuU  of  Cornwall  and  Devon),  • 
southeast  or  n,  a  western  (Wales),  and  a  northern, — iiulicuting  the 
existence  of  an  archipelago  of  British  Isle.s  in  the  Triassic  period. 

In  Europe  the  Trias  hs  found  largely  developed  in  regions  east 
and  west  of  the  Rhine,  from  northern  Switzerland  northward  ;  on 
the  east  side,  through  Wurtemberg,  Odriiw mUI.  Thuringerwald,  and 
bj  Qieasen ;  and  on  the  west  side,  along  the  V'osges,  by  iitrasbourg 
nd  Mets,  to  Aiz.  The  beda  occur  also  in  other  parts  of  central 
Sorope,  in  the  eastern  Alps,  Poland,  Bnasia,  Spain,  etc. 


I  Books:  Idnds  «iiA dIettllmtloiB. 

The  suMiviiion*  recognwed  in  Fr»ince  und  (lemanj  are  three  in  ntitnhrr: 
wbcDM  the  name,  from  th«  Latin  tria,  three.  The  beds  are  denominated  in 
1km  enntriM  aad  Baglaad  as  fUlvw,  bsgfaaiBg  with  the  lowssts— 

LSWylawL      |        n.  Frtatet.  IIL  ^Ttrmmgr. 

rr-  l  icrarr^.  I  1.  Buntt-r  Sandstcin,  1200  to  1600  ft. 

htm  Red  Sandstone,!  2.  Caloairo  Coquillisr.  2.  Maicbelkalk,  1000  to  1200  feeU 
llWtol7MflMl.|s.llaiM8byCst.  S.KmvOT. 

Ii  BnfUah  wofln  th«  naiBM  ef  the  Bnropesn  bads  are  translatod  as  fellow: 

1.  Vjric^'atcd  8and«t"ne  :  1*.  Shell  limestone;  3.  Red  marls  or  Keupcr; — j-ct  they 
«R  often  written  without  translation.  The  names  iadieate  the  kinds  of  rocks, 
la  Borland  they  are  saadstMM  and  ■ottM  elajs  (bhuIsX  nmHtj  nd ;  in  Earope^ 
r' ar  the  Rhine,  a  thick  foidliAveu  ioipefs  UnestoBe  Uas  betwssB  a  saadatons 
tUve  and  marU  below. 

Ais  flMrmatlon  contains  the  prinefpal  salt  beds  of  Bnrope,  and  benee  It  Is 
ittTi  called  the  Snti/eroH*  tyirm.  The  palt  in  rJorinany  is  conncctril  with  the 
ffli<idle  (roup,  as  in  Wurtemberg,  where  there  are  noted  salt-works,  in  Vic  and 
Whih,  VMuies^  tbej  sie  la  tbe  oppsr)  sad  a  thieknees  ef  180  Cast  of  toek-sait 

*8Sin  la  the  course  of  650  feet  of  rnrk.  The  fnlt  1ii.vrr!>  nltcrnnfe  with  clay 
lai  gypsam  or  anhydrite.  In  England  the  upper  part  affords  tbe  salt ;  and  at 
IMbwIoli,  la  Olwdllis^  two  beds  of  salt,  aesrly  fere,  sn  M  to  IM  Art 

n.  idfe. 

The  species  of  fo^ailn  in  the  Eurnpp.'in  Trias«ir  are  far  more 
varied  and  numerous  tlian  in  the  American.    The  beds  have 

S9 
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afforded  teeth  of  one  species  of  mammal,  but  foil  of  relics  of  bird*. 
Near  Wurtembcrg,  Germany,  there  is  a  bone-bed.  full  of  bones  of 
fishes  and  reptiles,  in  the  upper  part  of  the  "  Keuper,''  and  another 
in  the  "  Muschelkalk ;"  and  in  England  a  similar  bone-bed  exliU 
near  the  top  of  the  series. 


1.  Plants. 

Equiseta,  Ferns,  Cypress  evergreens,  and  Cycads  are  the  prevail- 
ing forms.  No  true  Grass,  Moss,  Palm,  or  Angiosperm  has  yet  been 
found  in  beds  of  this  period. 

Charartfristie  Spede*. 

Fig.  652  i«  It  branch  of  the  Vnluin  hetero/ihtflla,  of  the  Cypreai  f^ap.  Fig. 
fl5.3,  Pitrophyllum  Jirgrri,  from  •Stuttgart.  There  are  also  species  of  EqnitfUm, 
Cniamitet,  etc.    Some  Dame*  of  European  plants  are  given  on  p.  420.  j£tlu>~ 


Figs.  052,  653. 


Vxg.  612,  VuUzla  h<!tiT«i|i1iy1l.i ;  iVi^n.ont'  of  itt  fruit-b«aring  branchea;  <V53,  fHrropbyllum 


fiKylliim  tpffinonm,  •ti/tnf'trr,  ^••hit)>i*t<irh>/f  tiKlini'fn,  and  E.  rtfUiiilrtftt  arf 
ii:imc!>  of  !!pceieii  of  grusa-like  plant*  referred  to  the  Tjrphaceie  or  "  Cat-tail" 
faiailjr. 

2.  Animali. 

RBdiates,  though  not  abundant,  are  represented  by  Crinoids, 
Star-fishes,  and  a  few  Corals.    Of  Ute  fir:>l  there  h  the  beautiful 
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Fig.«64. 


lily  Encrinite,  Enerinus  lifii/ormU.  Mollusks  are  nnmeroaa,  and 
amonp  tli*-iii  arc  tin-  first  of  tli.'  AmmMUe$,  The  ArticuUtes  are 
contiuecl  to  CrubUiceaus  and  Worms. 

Among  Vertebrates,  the  Fishes  are  all 
Ganoids  or  Selaekians. 

The  RcpfiU's  inchulo  the  gigantic  Ijobyrin- 
thodony  a  scale-covered  animal  of  a  Batrachian 
form,  the  skull  of  which  was  three  or  four 
r.?et  long,  and  the  teeth  three  inches,— mag- 
nitii'ie  enough  for  the  Olozoum  of  the  Con- 
necticut valley.  The  tracks  referred  to  a 
genus  named  Chiroihcrium  (because  of  a  re- 
Mmblanoe  in  form  to  the  human  hand)  are 
rappose<I  to  be  those  of  a  LabyrinthoJnn. 
The  rocks  also  contain  remains  of  Swimming 
&unaat>  (Enaliosaurs)  and  Lacertian  Reptiles. 
Bemains  of  12  species  of  Labyrinthodonts,  16 
of  Enaliosaurs,  and  12  to  15  of  other  Saurians, 
have  been  found. 

The  species  of  Mammal.  MlcrolesU's  nnflfuus 
(flf.663  A),  is  closely  related  to  that  of  North 
Guolina.  IncrimH  UllMbnito. 

CKonidhtilie  i^^Mcwt. 

1.  Radiates. — ^Flf.  664,  BneriuM  UlU/oemft,  fnm  tb«Bnropean  "Mnwhil- 

hlk."  Th(<  liiiio.<'|rinc  in  sotnc  jilnci-s  !:<  mostly  made  of  Criaofdsl  MBUdai. 
Afidura  ioricala  u  a  titar-fit>h  related  to  the  Ophiurae. 

S.  IffoUualBBw— (a.)  Braekiopod: — Terebratuin  vulgaris,  Spiri/er  unciuatm, 
Wc.  (t.)  CoHchi/n-H.—Fi^.  655,  Atir<i/u  f  nociiilig.  Fig.  B5T,  Mgoftkwta  linttUOf^t 
tkaTrigaBiafsmUj;  sIm  sftoeiw  of  OerviUia,  AneiUa,  /Wf«N,He.  (c)  C^fkabfodt. 

^  Figi.  665-657. 


^1%.  m,  AtrfanUr  aocialia:  W,  Mfaerla  nrisiita:  6S7,  Mjrophorla  lliMata. 

—Fig.  858,  CtrnlttM  «or/o«n«.  rirlatnl  to  the  Ammonites,  but  diflMog  Ib  thf 

Pwttt  tiinplieity  of  the  lobes  of  the  septa.  Fig.  659,  Ammaiiilm  fornafw,  froa 
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3.  ArticalatOB. — (a.)  Cni*taeean». — Oslracoids  :  Fig.  659.  EttXrria  {Potido- 
ut'a)  niiniitif. — MacrouranB  :  Fig.  680,  Pemphix  Sueurii,  a  specie*  near  tho  Crawiiib 
(genus  Astocuf). — (6.)  Inttet: — Species  of  Curenl>o»(tei.  61a- 

,>hj/roplera,  etc.  ^'^S-  WO. 

4.  Vertebrates. — (n.)  Fl>kfi.—\monK  Hyboclont  Sela- 
chians, fig.  469,  Hybottut  plicatilii  Ag. ;  fig.  408,  H.  minor 
A^.  Among  Ccslraciont!",  xpecies  of  Aerottu*,  Ceraiodut, 
vte.  (lanoids  especially  of  tho  genera  Saurichtli}/;  Gyro- 
frpii,  AmUypleru;  and  Pulirtmftrif,  tho  last  of  tho  hetero- 
oercal  specioa;  and  of  the  Pycnodont  division,  Pycnodut 
'jigat,  etc. 

(b.)  Rrptilt*.  —  (l.J  AmphibinH*  of  the  Labyrintbodont 
tribe.  Fig.  661,  Labyrinthodau  {Maitodnniaurut)  i/iyanteHt, 
reduced  to  one-twelfth  the  natural  jiize.  Fig.  661  n  is  one 
i>f  iho  largo  teeth,  reduced  one-half.  Thcr  have  the  Labj- 
rinthino  structure  explained  on  p.  2S0.  Fig.  662  rcpre- 
scnt.i  Ibo  prints  of  the  fore  and  hind  feet  of  a  ChirulKfrinm, 
ono-tnrcirth  natural  size,  from  a  Klab  obtained  at  Hildburg- 
hanscn  in  Saxony,  supposed  to  bo  those  of  a  Labi/rintkodnn. 
The  larger  track  in  one  was  eight  inrhen  long,  the  stride  four- 
teen inches  ;  in  another,  the  length  was  twelve  inches.  Similar  p,n,jj,|]|  Barnrti. 
tracks  have  been  found  at  Storton  Hill  in  England. 

(2.)  Lnrrrtiaif  ami  Saurian*. — Tho  ("peeie*  of  the  Trias  have  biconcave  ver- 
tebnc,  like  the  Thecodonts  and  Enaliosaurs  (in  this  approximating  to  the  Fishes). 
A  Kpecics  of  the  Permian  genus  T7ieco<lonio*aHru»  is  found  in  the  Trias  at  Leam- 
iii  LTton,  England.  The  Rht/Mrhonaur  { li.  nrticepi  Ontn)  had  the  beak  of  a  Turtle, 
nithout  teeth.    Sinnuaur,  Nothoianr,  Pittotanr,  and  Conehiomnr  arc  namea  of 
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different  ^ncn  of  Swimming  Saurian^  (Enaliotaun)  of  the  Trinvsio,  whose 
remains  occur  mostly  in  the  Muschelkalk  of  Europe,  and  especially  at  LuneTille, 


Figs.  661-663. 


RmtLcs  — FIr.  661,  Skull  of  Lnbyriuthoilon  ( MMtodonsanraii)  RlRantcnii  (y        B61  a. 
Tooth  of  sane  ( X  }4) :  662,FoutprliitiofCbirDthrriutD(X        663,  Kootprintaufa  Inrtlaf. 


Bayreuth,  and  in  Upper  Silesia.  They  are  distinguished  from  the  Enalioranrs  of 
the  Jurassic  by  the  extraordinarily  large  temporal,  orbitary,  and  nasal  openings 
through  the  cmnium,  which  leave  little  bone.  The  Xolhotnuntf  mirabili*  was 
about  seven  feet  long.  The  teeth  were  thin,  long,  and  conical,  three  to  five  times 
u  long  as  broad,  striated,  slightly  indexed,  and  in:«crted  in  disitinct  cavities. 
PtaroifHt  is  another  related  genus.  Two  or  three  Pletiomurt  of  the  Lias  (as 
P.  Hairk-ingii  and  /*.  cortafu*)  occur  in  the  bone-bed  at  the  very  top  of  the  Trias, 


Figs.  60.3  A,  663  B. 


<KB  A,  Molar  tooth  of  Mlcrolestea  antlquun.  i>iilp-\ifw  ;  A',  view  of  crown  of  same; 
6U  D,  Myrmocobiu*  fiuciatu*  (X\i)- 


or  base  of  the  Lias,  at  Auct  Cliff  in  England.  Other  TriasMC  Saurians  arc  the 
Httu'lun  of  von  Meyer  (/%fo»(iurn» of  Jager),  a  carnivorous.crocodile-likc  species, 
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wUh  Ibc  teeth  in  sockets ;  and  the  Ttrmaloiaurut  of  Plioninger,  from  the  Ketip«r 
uf  Wurtcmbcrg. 

(c.)  Tuiilm. — A  iorios  of  tracks  like  fig.  6S3  have  been  obserrcd  in  Germany 
wbiob  have  been  referred  to  a  Turtle,  the  carliei«t  rcprcsentntive  of  the  trib*. 
The  trackft  form  two  diitant  parallel  lines,  as  Ibcy  should  for  an  animal  barinj; 
a  broad  shoU-covered  bodjr  and  »hort  legs. 

Coprolitvs  of  Rcptile.i  arc  also  common.  Various  footprints  are  described 
and  named  in  Jardine's  Ichnology  of  Annandale. 

{d.)  MawnmaU. — Pig.  M'3  A  represents  the  side-view  of  a  tooth  of  ificrolettri 
aitiitfuiu  Plieuingcr,  from  the  bonc-brcccia  of  Wurtcmbcrg;  A',  view  uf  eruwo. 
A  tooth  of  the  same  mammal  has  been  found  at  Fromo,  in  England.  Oven 
rcgardii  the  species  m  probiibly  near  the  modem  Jlffnutcoliiut  and  cloi^ty  re- 
lated to  another  extinct  Mari-upial  genu:*,  Ptiujutnlax,  found  in  the  English 
Upper  Oolite.  Fig.  663  B  repre.tents  the  MyrmtfobiM  /aiciatu*,  m  species  of 
Marsupial  now  living  in  Australia. 

Fossils  charaoteiistlo  of  the  subdiviaiona  of  tbe  Trlaa. 

The  (■liuructeristic  fossib  of  tho  three  subdivisions  of  tho  Trias 
are  as  follow : — 

1.  Loteer  grovp. —  VolUia  hrlerophylla,  Catamitet  MongeoU',  Plueodut  iwiprtMU*, 
NolhoniHrui  Schim/trri. 

2.  iliddle  gioHp. — Eiicnnn*  lilii/ormiii,  An't-nhi  f  loeia^!•l  (common  to  all  the 
groups),  iljfophorin  (Trigonia)  nnltjnrif,  il.  lineata,  Terehrntnln  rulgarit,  CVt«- 
titcn  iiodo$Hii,  Prmphtx  Siirnrii,  lltfliidn*  Mottijtoli,  Pfacodui  (several  species), 
yothotaurMt  (species  differing  from  those  of  the  lower  group),  SlmQ»nurnt,  /*i«f»- 
inurui. 

3.  I'piter  ijroiip,  or  Kruptr. — Eqnittta,  Cnlaiuiu*  arenaetu;  Pttrophyllum  Jfrtjtri, 
Pt.  luiii/i/oliuiH,  Pt.  Jfuntttri,  E'tkeria  (Pusidonia)  Keaperxana,  Labgriuthodom 
glyaHteim,  Dtlodott,  Termuto^aiiniit. 

The  Eothtriix  minuta  ranges  through  all  tho  divisions. 


General  Progresi. — The  following  points  bear  upon  the  history  of 
this  period  -. — 

T.  The  ))osition  of  the  rocks  in  linear  ranges,  parallel  with  the 
mountains,  and  therefore  along  depressions  in  the  surface  that 
were  ma<le  when  the  Appnlacliiun  foldings  took  place.  The  Con- 
necticut valley  is  one  of  the  great  synclinal  depressions  made  at 
that  time.  Such  areas  would  naturally  have  become  inlet*  of  the 
f»ea,  or  estuaries,  river-courses,  lakes,  or  marshes,  and  would  have 
received  the  clebris  of  the  hills  brought  in  by  streams. 

II.  The  abtsence  of  Radiates,  tho  paucity  of  Mollusks,  and  the 


IV.  General  Observatlonfl. 


1.  Americas. 


TBIAMIC  PXBIOD. 


pfewnoe  of  few  spedea  l^t  are  properly  marine.  TheM  faoto 
prove  that  the  ocean  tiad  im[)erfeet  access,  wh«>ro  any,  to  the  re- 
gions,— that  the  ho<\<  :ir*>  not  >i'a-shon>  formiitions  like  tlie  Cietii- 
ceous  and  TtTtuuy  of  later  times ;  and  thus  tliey  confirm  the  idea 
tiiat  the  beds  are  partly  of  estuary  and  partly  of  lacustrine  origin. 

The  occurrence  of  vegetable  remains  and  the  coal  beds  sustain 
this  conclusion. 

III.  The  ripple-marks,  raindrop-impressions,  and  footprints. 
Th«se  show,  wherever  they  occur,  that  the  layer  was  for  the  time 

a  hslf-emerged  mud  or  sand  ilat;  and,  as  tin  y  <  xtcnd  through 
niuffi  of  tin'  rock,  tlicre  is  cvidt-nce  that  the  layers  in  jieneral 
w«rc  not  formed  in  deep  water.  They  abound  especially  in  the 
upper  half  of  the  Connecticut-valley  strata. 

IV.  Tlie  thickness,— 3000  to  5000  feet  or  more.  We  learn  fVom 
this  thickness,  in  connection  with  the  |>receding,  that  the  areas 
unrlerwent  a  gradual  subsifjenee  ()f  ;i(>'M)  to  rt(MM>  feet  or  beyond; 
consequently,  that  these  oblong  depressions  made  at  the  time  of 
the  foldings  were  slowly  deepening,  and  continued  to  deepen  until 
the  la-t  layer  was  laid  down. 

V.  Tile  tilted  and  di-jilaeed  condition  of  tlie  beds,  without  evi- 
dence of  fobls.  This  inclination  has  been  attril)iit.  <1  t'>  deposition 
on  a  sloping  surface.  But  such  cases  of  oblique  deporition  are 
exceptions,  and  not  the  general  rule ;  while  in  the  case  of  the 
sandstone,  the  layers  are  inclined  10  to  ?>()  defjrees  or  more,  in  each 
of  the  great  regions.  The  tilting  nujst,  tlieicfore,  be  a  result  of 
meehanical  force  ;  and,  as  faults  are  not  numerous,  while  joints  are 
common,  it  follows  that  the  force  was  very  gradual  in  its  action. 

Under  IV.,  a  profound  subsidence  was  shown  to  ha\  .  1  n  in 

progre-i^  in  the  regions  of  (b-jiression  oreupied  by  I  lie  >-ti  atu.  Such 
a  subsidence  would  have  brought  a  strain  upon  the  overlying  beds, 
and  sooner  or  later  would  have  produced  fractures  and  disturbance ; 
and  if  one  side  or  part  of  the  depression  were  undergoing  more 
fuKsidenee  than  the  opposite,  it  wonM  have  rnused  that  oblic|ue 
pushing  of  the  beds  that  would  have  ended  iu  faulting  and  tilting 
them.  The  direction  of  the  dip  and  strike  in  sndi  a  case  would 
depend  on  the  relative  positions,  with  reference  to  the  whole  basin, 
of  the  part.**  undergoing  -jreatest  and  least  subsidence. 

VI.  The  sandstone  strain  intersected  by  dikes  of  trap.  These 
dikes  are  proofs  of  fracture  of  the  earth's  crust ;  of  more  fractures 
in  the  part  of  the  erust  directly  bmeath  the  formation  than  out- 
side of  the  region :  therefore  of  fractures  in  the  old  synclinal 
depression  in  jirogress  of  subsidence.  The  std>sidence  of  such  a 
region  would  bring  increasing  tension  or  strain  upon  the  rocks 
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below,  which  miglit  ultimate  in  fractures,  especially  about  the 
axis  of  the  depression.  The  tilting,  fractures,  joints,  and  pjec- 
lions  of  igneous  rock  are,  therefore,  parts  of  one  connected  series 
of  events. 

The  manner  in  which  the  trap  at  its  eruption  has  sometimes 
separated  the  layers  of  sandstone,  and  in  this  way  escaped  to  the 
surface,  instead  of  coming  up  through  the  fissures  simply,  shows 
that  the  rock  had  been  tilted  extensively  before  the  ejection ;  and, 
a.>»  the  trap  dikes  intersect  the  later  beds  of  the  formation,  the 
igneous  ejections  were  among  the  later  results  of  the  period,  if  not 
to  a  great  extent  8ubse<|uent  in  time. 

It  is  hence  no  mystery  that  rocks  of  igneous  origin  are  intimately 
associated  with  rocks  of  aqueous  origin  in  tljese  Triasiiic  regions. 

Thus  the  period  of  these  rocks  came  to  a  close  somowhat  similar 
to  that  of  the  Carboniferous  age.  The  Carboniferous  age  ended 
in  a  period  of  disturbance,  escape  of  heat,  as  shown  in  consolida- 
tions and  metamorphism,  and  a  complete  destruction  of  life  along 
the  Continental  border;  and  the  period  of  these  sandstones  was 
closed  in  U]>lift3,  fractures,  emissions  of  heat,  consolidations,  and 
destructions  of  life.  But  in  the  former  case  the  crust  %va.s  yield- 
ing, and  became  foIde<l  into  mountains:  in  the  latter,  the  action, 
though  ranging  along  the  same  line  of  coast,  from  South  Carolina  to 
Newfoundland,  was  more  limited  ;  the  stiflened  crust  only  yielded 
by  breaking ;  the  heat  came  out  in  ejected  melted  rock,  instead  of 
a  slow,  gentle  effusion,  and  the  swelling  up  of  the  lava  and  simple 
tiltings  of  the  strata  formed  liills  and  ridges.  The  destruction 
of  life  was  in  both  cases  complete, 

Ja/c  of  the  Pi  rioil. — The  steps  of  progrew  in  the  life  of  the  glolie. 
OS  the  Mesozoic  era  opened  in  the  Triassic  perio<l,  were  especially 
important.  The  storing  uway  as  coal  of  the  excess  of  atmospheric 
carbon  had  purified  the  atmosphere;  and  soon  after  the  close  of 
PalfTOzoic  time — whose  great  feature  was  that  its  animal  life  had 
made  rocks,  and  its  plants,  coal — we  find  higher  races  breathing 
the  better  air.  Saurinns  become  numerous;  and  the  vertebrate 
type  expands  by  the  appearance  of  the  new  classes  Birds  and 
Mammals.  Among  these  types,  the  Saurian  continues  rapidly  to 
rise  in  perfection  with  the  following  period  of  the  age:  while  the 
birds  and  mammals  remain  of  inferior  types,  forerunners  of  an 
age  of  higher  i>rogresa. 

(Icoyraphj. — The  position  of  the  Triassic  beds  on  the  Atlantic 
bonier  shows  that  this  part  of  the  continent  stood  nearly  at  its 
present  level.  The  strange  absence  of  Atlantic  sea-shore  deposits 
in  the  Triassic  period  may  be  accounted  for  by  supposing  that  the 
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dry  limd  stretched  fartlier  out  to  the  eastward,  and  that  the  sea- 
shore deposits  were  formed,  but  arc  now  siifimorged.  A  change  of 
level  of  five  hundred  feet  would  take  a  breadth  of  eighty  miles 
from  the  oce*n  and  add  it  to  the  continent. 

Thia  impmiant  fact — wltich  has  been  before  referre  d  to  tnore  than 
OOee,  on  account  of  its  bonrinp  on  the  history  of  the  oontinont — 
is  ]iN8ented  to  the  eye  in  the  occonipauying  map,  copied  from  one 
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of  tlio  charts  of  tho  Coast  Survpy  under  Pioffssor  B.irlio.  The 
coa8t-line  on  the  north  is  the  south  shore  of  Lon^  L>>lund ;  that  on 
the  west,  the  coast  of  New  Jersey :  while  the  Bay  of  New  York  (at 
the  mouth  of  the  Hudson)  b  near  the  junction  of  the  two  (below 
NY).  The  dottcfl  lines  are  lines  of  equal  soumlinps,  indicating 
depths  of  10,  2U,  aO,  40,  50,  GO,  70,  «0,  90,  100,  120  fathoms.  These 
lines  ran  back  in  a  long  loop  northwestward  towards  New  York 
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harbor,  showing  deeper  water  along  this  line,  and  evidently 
proving  that  oncfi  tlie  land  was  abovo  water,  with  the  iludston 
iiiver  occupying  this  channel  on  iU  way  to  the  ocean.  At  two  or 
three  places  along  thw  ehannol  there  are  "deep  holes,"  as  Ihejr 
are  called  (one  of  them  at  32,  whore  the  depth  is  thirty-two 
fatlioms),  which  may  have  been  former  sites  of  New  York  harbor; 
for  the  watera  of  the  harbor  are  now  about  six  fathoms  deeper  thsn 
those  aboai  its  entrance. 

Tliis  border,  now  submerged,  lias,  therefore,  in  former  time  l>»-<»n 
<lry  land ;  it  may  have  been  jwrtly  so  in  the  Triassic  period,  and 
thus  have  caused  the  imperfect  connection  of  the  Trlaanc  areas  of 
the  Athmtie  Imnler  with  the  ocean. 

Tlu'  Tri;i'-<io  continent  spread  wostwrinl  to  Kansas,  and  sonth- 
wartl  to  Alabama;  for  throujih  thia  great  area  there  are  no  rocks 
more  recent  than  the  Palaoioic. 

The  Tria-ssic  beds  beyond  the  Mississippi  are  remarkable  for 
their  great  cjxtent  and  tli<  ir  j.jMu-ity  of  life.  They  occur  in 
western  Kansas  on  the  east,  and  ulotig  the  Little  Colorado  west, 
of  the  mountains ;  and  they  have  been  obsenred  at  many  points 
between  these  distant  meridians:  it  i>  tlierefore  probable  that 
they  cover  a  large  part  of  the  slopes  of  the  mountains  beneath 
the  Cretaceous  and  Tertiary  rocks  of  the  surface.  The  diacovery 
of  animal  fossils  may  yet  be  made  in  some  part  of  this  region. 
Yet  it  is  remarkalili'  \)\.\t  fho  1m slmuld  linvc  affiirdf*<l  thus  far 
no  relics  of  marine  lilV,  unless  the  S:iunan  remains  be  an  exception. 

There  appears  to  be  but  one  mode  of  aooounting  for  the  fonna> 
tion  of  such  deposits  over  this  wide  tmitory.  The  interior  cm  in 
wliirli  the  Carboniferous  limrstono  of  the  preceding  age— even 
wider  in  its  limits — had  been  formed,  must  have  become  more  ihtd- 
low  and  have  been  cut  off  to  a  great  extMit  firom  free  oommuniaip 
lion  with  the  ocean.  .Such  a  shallow  salt  sea.  alternately  freshened 
and  concentrated  by  the  successive  rains  an<l  droughts  of  a  season, 
would,  be  quite  unfit  for  onlinary  marine  life.  Few  species  could 
survive  through  such  alternations;  and  hence  there  would  be 
necesHiirily  a  paucity  of  fn-^il>^  in  thp  deposits.  Examples  of  such 
interior  salt  seas  without  marine  life  now  exist.  Lake  Utah  is  one, 
in  Kocky  Hoimtaina.  A  oompleto  eiTaporation  orer  any  poi^ 
tions  would  have  deposited  salt  and  gypsum, — the  salt  to  be  di8> 
solved  and  carried  off  wlierever  the  region  admitted  of  dnttlUgia 
by  outflowing  waters,  the  gypsum  to  remain  in  the  beds. 

Faots  observed  among  the  Fadfio  Coral  islands,  illustrating  the 
destruction  of  life  alluded  to,  h«v«  been  mentioned  on  page  250. 
These  islands  exemplify  also  tbo  ori^  of  ihio  gypaoift.  Aooordiag 
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to  A.  TTaLMK  .  there  is  a  deposit  of  gypsum,  two  feet  thick,  on  Jarviii 
Kland,  ovt'rlyin<r  tho  corn]  Hnnds  of  (Ik>  old  lafToon.  and  others 
timiUr  also  on  Starbuck  s,  McKean's,  and  Fhwnix  lulnnds.  He 
tUtribote*  the  formiition  of  the  deposit!  to  the  repeated  evapor- 
ation of  »ea*water.  loiij;  r('-su)i|)li(Hl  by  the  tides,  over  the  area  of 
tile  lagoon,  during  Uie  time  when  it  was  gradually  being  recovered 
from  the  oceun. 

OlliBat«<— There  are  no  data  yet  obtained  far  comparing  the 
dinate  of  the  Arctic  in  the  Triassic  period  with  thai  of  the  Tem- 
perate United  Slates. 

Ia  the  preceding  Jfrngn,  the  beds  and  the  period  they  repreaent  bare  been 
mIM  Trtmwic.  Yet  H  ia  to  be  andenituod  that  they  are  prolwblj  in  part 

2.  Foanoir. 

The  oeenrrence  of  ripple^narlcs  throughout  most  of  the  European 
Triu5<;ic  aandstones  and  marls,  and  also  raindrop-impressions  and 
cracks  from  drying,  show  that  the  beds  are  of  shallow-water  and 
mud-flat  origin ;  and  the  Halt — an  cxphiined  on  p.  249 — indicjites 
that  there  were  flats  exposed  to  oooaaimial  inundations  of  the  sea, 
where  the  sjtlt  water  evaporated.  The  kinds  of  rock  arc  similar  to 
those  of  tlie  Kaliferous  region  in  central  New  York,  although  they 
belong  to  veiy  different  periods :  the  history  ct  one  is  probably 
cnnitiallf  that  of  the  other. 

Tlio  fossiliferous  limestone  fMusclielkalk)  of  the  Mi(Mlc  Trias 
in  Germany  indicates  that  in  that  region  there  was  for  a  while  an 
interval  of  somewhat  deeper  waters. 

As  the  alternations  in  the!«c  luds  dr-pend  on  small  changes 
nf  lev«^l  over  limited  arcn<«,  there  is  sufficient  reason  for  their  not 
occurring  in  other  regions. 

!;  ;  . M J/r. — Tn  A«ia  nn<l  Au!<tniHn  there  are  conl  I  r  is  nf  conMderabIc  extent, 
which  h&ro  bc«n  referred  to  diffiBrent  periods  from  the  Carboniftroui  to  the 
Jwnrife  The  Atlstttf  deporitH  oeenr  at  Bardwao  in  ireetsn  Bcegal,  wbera  thty 

M  extenrively  Wirkeil.  nnd  .-ibout  Xnppur  in  the  Di  rr.m.  Indiii.  Iti  Au^^triilin 
thcj  eoT«r  a  large  surface  in  New  tiuuth  AVolcs,  extending  inland  from  the 

The  fi  -'il  i  lnnt-i  cf  the  fn't  roL-i<in  arc  specie*  of  Pm-pier!*,  Gh<iiinj,!rnt  fnn 
"blong  (implc-lcavcd  fern).  Tnuinptrri*,  Verlebrarin  (itemg  of  unknuwn  rela- 
tiwM),  n^fothrttt  (of  tbo  Equttetam  tribe),  ISnmitn,  etc.  About  V»gpm  nearly 
•kc  »»ine  pcnora  .'m  l  p  irfly  flu^  ?nine  cjn'cies  occur,  exceptinjr  the  Cycad.*.  In 
•he  Aostralian  beds  there  is  a  (tiiuihir  rc^euiblancc  to  the  Bunlwan  coal  field. 

On  •cenuit  ef  the  abwneo  of  the  peenliariy  Carbonifcrouw  geneVa  in  trath 
tbt  AiiatlB  sad  AeaCrallsa  bsdi,  sad  tbo  gsnsnl  tlaiUafUj  of  tbair  flora,  wbtta 
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•I  tht  man  time  tke  Baagd  bedi  eoBtein  Cyoadi,  the  eoil  hu  been  wflwwd  bj 

U(>!<t  nutbora  to  the  Mcsoioic,  and  oither  the  JurmMic  or  Tria<6io  period. 

la  th«  Anttraliui  bads  then  an  heteroeenal  OanoiiU}  end  hence  the  forai»- 
tion  eennot  be  more  noemi  then  the  Triunie.*  Sixty  ntUei  eoutb  of  Negpar,  at 
Uengeli.  beds  similnr  to  thOM  of  Nagpur  occur,  which  have  been  referred  to  the 
unic  period,  nltbuugh  there  ere  nu  plants  to  demonstrate  positive  identity ;  thcr 
contain  Eitheriai,  hoinoccroal  Ganoid*,  and  a  species  of  Labyrintko<loMt,—c\'U 
dontljr  a  Tria^Kio  assemblage  of  tpeeies. 

In  view  of  all  the  facts,  it  nppear^  probable  that  the  ooel  beds  lefaind  to,  both 
in  Asia  and  Australia,  represent  the  Tnnttie  period. 

Then  mm  other  beds  nt  Ketn  on  the  Pnuihita,  (dated  to  Umm  of  JfaagaU. 
There  are  still  others  at  the  Rajmnhal  Hills,  in  central  India*  the  afo of  which 
U  more  doubtfuL  Tbojr  abound  in  Cycads,  and  fail  of  BOit  ef  fho  genen 
ANmdatlfafiwr:  titey  have  been  wgaided  at  Jariwk. 

JURASSIC  PERIOD  (17). 

The  Jurassic  period  derives  its  name  from  the  Jura  Mountains 
on  th«  western  borders  of  Switierland,  one  of  the  regions  charao- 
teiiied  hy  the  fonnation. 

1.  AUERIGAir. 

Z.  Books:  kinda  and  distribntion. 

On  the  Atlande  border,  the  upper  portion  of  the  fbrmatiba 

described  in  the  proccding  pagos  on  the  Triassic  may  belong,  an 
has  been  observed,  to  the  Jurnssic  period.  As  no  species  of  fossils 
characteristic  of  any  part  of  this  period  have  yet  been  found  in 
the  beds,  there  is  some  doubt  on  this  point.  The  afaeence  of  7H- 
goniai,  Bffemnitcs,  Ammonilts,  and  other  Jurassic  forms,  may,  however, 
bo  owing  to  the  fact  that  the  strata  are  not  properly  of  sea-shore 
origin. 

On  the  Guff  bonier  there  ar»  no  rocks  of  this  poriod  anywhere 
exposed  to  vieir. 


•  The  author,  in  his  notes  nn  Aiiftralinn  Ocolnjy,  puMitsbed  in  bi«  Explor- 
ing Expedition  Geological  Report  (in  which  one  of  the  Uanoids  and  many  of 
the  eoal  plants  an  llgand  and  deeeribed),  nfemd  the  Aestialiaa  beds  te 
the  Permian  ]>rri'i'l,  on  .■u-'-mint  of  the  pri-soncc  (if  tho  bctcn>oeresl  Qaooids,  the 
absence  of  Cjruads,  and  the  regular  continuity  of  the  bods  with  the  CaiboaUbmu 
stmta  below.  Bat  the  nsemblaaeo  to  the  Indian  flon  most  bring  all  to  one 
horizon,  and  the  abo\o  ciinclu.<i<>n  seems  best  to  harmonize  the  facts.  Rev.  W. 
B.  Clarke  reports  true  Lcpidodcndra  from  the  interior  of  New  South  Walea, — 
flma  wUoh  it  appears  that  the  Cterboalibroas  flora  is  rapresontod  oa  tho  Avstn* 
Itaa  ooBtiaent. 
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fn  th«  Wedem Tmlaiorre^tn,  th*  Jnnario  period  vmf  elaim  a  part 

— jierhaps  a  large  part — of  the  gj-psifcrous  beds  already  dcscribedi 
here,  again,  fossils  are  wanting  to  decide  the  question  of  age. 

But,  apart  from  these  doubtful  beds,  there  are  true  Jurassic  strata 
loll  of  ibasik,  overlying  in  many  places  the  srpsiferoiit  marls  and 
sindstonf.  Thoy  liave  been  observed  about  tlie  Black  TTills  and 
the  Laramie  Mountains,  and  also  at  the  base  of  other  ridges  in  the 
Bodcjr  Moimtains.  The  beds  contiit  of  impure  limestone  with 
layers  of  marl. 

Ill  ihr  Arrdr  rrrpnn,  also,  there aro  »  numbor of  localities of  fossiU* 

ferou!)  Juras;^ic  .strata. 

The  diiooTery  and  idcntiiication  of  tho  Junusio  of  the  Black  Hills  of  Dakota 
•m  Bsd*     Hayden  A  Medt.  Ths  rodu  eeenr  also  at  Bsd  Bnttss  m  ths 

ffoitk  Platte,  west  of  tho  BUck  IlilU;  alto  aloni;  (he  KoiitliiTc«t  .oidc  nf  tbs 
Bif  Horn  Mountains  (43i°  N.,  108°  W.),  and  the  northeast  side  of  the  Wind  River 
Moaotaias;  also  beyond  tko  Wind  Kiver  Mountains,  on  the  west;  also  aboat 
the  bead-wat<<ni  of  tlir  Mi««ouri : — at  nil  of  which  places  fo«*ils  occur.  (Ilnvrlon.'l 
.\nothcr  lucslity  In  luar  the  vnllvy  of  (ireen  River,  east  of  Lake  Utah  (Ureat 
Salt  LaKc),  as  announced  by  Meek  &  EngelnsaB. 

The  rocks  observed  are  in  general  a  gray  or  whitish  marly  or  arenaeeOBS 
limestone,  with  occasional  purer  compact  limestone  beds,  intercalated  with 
huninated  marls.  The  thickness  at  tho  Black  Hills  is  about  200  feet;  on  the 
■ortbcast  of  the  Wind  River  Movataios,  SOO  to  1000  feet;  aboat  Long's  Peek, 
vkere  the  marls  are  absent,  50  to  100  het. 

The  Arctic  localities  arc— the  eastern  shores  of  Prince  Patrick's  Laad^ta  TO* 
1»  N.,  1170  20'  W.;  the  islands  Exmouth  and  Talbe,  north  of  GrinnaU  Land, 
n«  10*      OS*  W.J  and  Kstanai  Bay,  or  Cook's  Inlet,  la  Northwait  Amerlea, 

n.  Life. 

Although  but  little  is  yet  known  of  the  life  in  America  of  the 
•luaasie  period,  several  genera  of  Radiates  and  Utdlosks  whioli 
mark  the  JuraMic  beds  of  Europe  have  here  been  found,  the  most 
prominent  of  which  are  A /'/'/■•rMi''T,  Trii/onid,  An>monl(r.t,  and  lif- 
IfmniUa.  The  characteristics  of  Belemnites  and  Ammonites  are 
briefly  mentioned  on  p.  156,  and  again  beyond,  on  pp^  450, 461. 

Vo  plants  have  been  <lcsrri)u  il,  cx'-oiit  a  Tow  by  Newberry  from  n  coal  jcam  in 
(be  gypaiferoua  sandstone  of  (he  Up(ier  Colorado,  in  tho  Moqni  country  (near 
Ike  mridlaa  of  111*),  the  age  «f  wkiek  Is  donUAil  (p.  417).  The  observed 

genera  arc  Ci/rJ,,jifrn'»,  Pccijilrrr',  yrnroplwitf  ^pitfn"ptrriii,  and  Chithrnjitrri: 

The  ClatkrvjAerit  from  near  tho  middle  of  the  Connecticut  River  sandstone 

(if.  6X8,  pb  4101,  as  snggesled  by  Hltsksedc,  Is  sobs  sridcaeo— tb«ngh  Ihr  tnm 
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The  Wealden  is  wholly  of  estuary  or  fresh-water  origin  ;  the  beds 
consist  of  clays,  sands,  and,  to  a  smull  extent,  limestone. 

The  prominent  subdivUiona  of  the  Jurassic  furmalion  obs«rved  in  England 
(though  not  present  tlike  in  &U  its  Juraaaio  rogioni)  are  the  Tollowing,  begionltis 
below : — 

L  Lias. 

1.  Lotetr  Liai:  consisting  of  jiravish  laminated  limestone,  with  ihale 
ftboTe,  and  a  bone-bed  and  marls  below. 

2.  Middle  Liat:  a  coarse  shelly  limestone  called  marlstone. 

3.  Upper  Liat:  beds  of  clay  or  shale  with  some  thin  limestone  layers. 
LL  Oolite. 

1.  Laicer  or  Balh  Oolite,  consisting  of — 

(1.)  The  inferior  Oolite,  a  limestone  with  fossils  and  layers  ofsaod. 

(2.)  FuUer't-earth  group,  or  clayey  layers. 

(3.)  The  Oreat  Oolite,  limestone  mostly  oolitic 

(4.)  Foreit-marble  group,  sandy  and  clayey  layers,  with  some  oolite. 

(5.)  Combrath,  a  coarse  shelly  limestone. 
The  SlouetJUld  *lale*,  noted  for  their  remains  of  Saurians,  as  well  a«  of 
the  earliest  British  mammals,  and  also  of  insects  and  other  species,  occur 
near  Oxford  in  England,  and  belong  to  the  Lower  Oolite,  below  the 
Great  Oolite. 

At  Brora,  in  Sutherlandshire,  there  is  a  bed  of  oolitic  coal  of  good  quality, 
three  and  a  half  feet  thick,  which  has  been  long  worked :  it  is  corercd 
by  several  feet  more  of  impure  coal  containing  pyrites.  It  is  supposed 
to  belong  with  the  Great  Oolite. 

2.  Middle  or  Oiford  Oolite:  consisting  of — 

(L)  The  Kellottfaif  Roek,  a  calcareous  grit,  overlying  bine  clay, 

and  overlaid  by  the  Ox/ord  clay. 
(2.)  Calcareous  grit  and  oolitic  coral  limestone,  called    the  Carol 

Bag. 

S.  Upper  oT  Portland  Oolite :  consisting  of — 
(I.)  Kimmeridge  Clay. 

(2.)  Skotover  Sand,  a  calcareous  rock  with  concrctlont. 
(3.)  The  Portland  Oolite. 

4.  Ptirheek  bedt :  consisting  of  (1)  the  Loirer  Pnrberk,  fresh-water  marls 
with  the  "  Portland  dirt-bed,"  and  resting  on  the  uppor  layers  of  the 
Portland  stone;  (2)  the  Middle  Purberk,  mostly  a  bed  of  marine  lime- 
stone, 30  feet  thick ;  (3)  the  Upper  Purbetk,  60  feet  of  fresh-water  depo- 
sit«.  The  dirt-bed  of  the  Purbeck  is  the  second  deposit  affording  re- 
mains of  British  mammals.  It  oootains  also  nomeruus  remaina  of 
Cycads,  etc.  • 

III.  Wbaldbn. 

1.  Uatttngi  Sand» :  sandstone  with  some  clayey  and  limestone  layers, 
contnining  Saurian  remains,  fluvintile  shells,  etc. 

2.  Weald  Cloy :  clayey  layers,  with  some  calcareous  beds  contaioing 
fresh-watcr  obells. 

The  British  subdivisions  arc  for  the  most  part  recognized  in  Pranc«,  and 
have  received  special  names  by  D'Orbigny.    They  are  (I.)  in  the  LiAS, — 1,  the 
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Smmuiim  (Loww  Liu,  Btaiad  from  th*  looalitj  at  8£mar)|  3,  Xtomm 
(Middle  LUa);  S,  TcMircian  (frotn  tke  locality  at  Thonn) ;  (II.)  in  thm  Ooutb, 
"IfBmjoeiaH  (the  inferior  part  of  the  Lower  Oulite,  named  Trum  tb*  looality 
•I  llarmu)i  i,  Batkouian  (lb«  tirrat  Oulite,  Bath  Oolite);  3»  Catlorian  (K«l> 
Imj  Roek);  4,  Our/ordftm  (Osfbrd  Clay)t  5,  OmiWm  (Coral  Rag);  «,  Kim- 
■fnVyiaii  (Kimmeri<l)^o  Clay);  7,  Pvillaiidiini  (Portlaml  O^litoi. 

la  tbo  Franeb  Junu  tbe  mo«t  uf  the  above  aubdivtsioni  UMj  bo  traood* 
Thm  art,— 

I.  the  Lower  Lin!<, — a  Lla^  limc-tune,  c.-illed  aho  Grjpblta  Itamtone,  from  the 
•boadance  uf  the  fossil  Gr^f/kMa  arcunia  /  2,  tbo  Middla  Lias,  maris ;  3,  tbe 
Vfftr  Um,  Utamlnem  aebbta^  te  tona  plaaot  oallod  FooMonla  Mblcte,  ftooi 

the  ahundanco  (if  Pntidonia  Bronnii,  with  A  nuif^h  limestone  above.  The  T^ini* 
it  overlaid  bj  (1)  the  Lower  Oolite;  (2)  the  Oxford  Oolite;  (3)  tbe  Coral  and 
Afluto  liaMoteaa,  aad  Fortlaad  bode. 

Thf  famous  hciln  of  Lilfini/rniihir  $lnie  nt  Polenln'fon,  nfTording  rornnins  of 
many  Iiii>ect!<,  »e\criil  specie!)  uf  Saurians, seven  of  Pterodnctjrl>!'>  etc.,  are  lituateil 
ia  the  diftriet  of  Pnppenheim  in  Bavarifli  and  an  af  th«  ago  »r  tbo  Middla 
ODUi%  vt  tbat  of  tha  Coral  UaMoloaak 

n.  Ufa. 

1.  PtmUs. 


Tba  luid-^>lMiiB  of  the  Jutmno  period  are  mainly  Fmu,  Qmifcrs, 
Md  CffctiU,  tm  in  the  Triaauo.  LMveaand  atema  are  found  in  many 

Figk  eri-«73. 


in,  sKtioai  ftoB  Bear  LaQwortb  Gove,  showing  stomps  of  trese  (a)  In  the  PortlaiMl 
"*t.bid;**  arx       of  a  IMi«  taada  (X  A>i  ^  *<>>)>V<>' tbe  Ciead  Moatollta 

■'■I'll")  mniiaopliylU  (X  A) 


of  the  strata,  and  remain.i  of  a  forost  in  what  is  c.illeti  the  Portland 
d^t^ed^fij^.  671)  (lower  part  of  the  TurWck),  the  trves  of  wliii  h 
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were  Conifers  and  Cycads.  Fig.  G73  represents  one  of  the  Cycid 
etumps,  and  fig.  072  i8  the  leaf  of  a  modern  Zamia,  which  those  of 
the  Muntellia  probably  resembled.  Near  Whitby,  on  the  sea-coast 
of  Yorkshire,  and  in  tlie  Stonesfwld  slate,  fossil  ferns  are  commoo. 
No  Jurassic  Angiotpermt  are  known. 


The  Jiadiates  inrludo  a  number  of  Crinoids,  mostly  of  the  genera 
Pentaerinus  and  Apiocrinus  (fig.  7'3)) ;  also  a  variety  of  Corals  (figs. 
717-719),  Star-fi.sh  (fig.  721),  and  Flchinoids  (figs.  C94,  722,  722  a), 
having  in  general  a  modern  a8i>ect,  though  of  extinct  gpecies  and 
mostly  of  e.xtinct  genera. 

Among  Mollxisks  there  is  a  great  variety  of  new  forms,  many 
peculiar  to  the  Mesozoic  era.  The  last  of  the  Brac-hiopods  of  the 
Spinfer  and  J^iytaua  families  appear  in  the  I.ias  (fig?.  090-097). 
These  I>ej)ta»nas  are  minute  s|H»ciea  (fig.  090 «i).  contnusting  wonder- 
fully with  the  abundant  and  large  Lept«Bnas  of  the  Silurian,  when 
the  family  was  at  its  maximum.  The  prevailing  BrachiojKjds  are 
of  the  modern  genera  Tcrebralula  and  Rhynchnndla. 

Conchifers  comprise  several  new  genera,  (in/phaa,  of  the  Oyster 
family,  having  an  incurved  beak,  commences  in  the  Lias;  and 
Exogyra,  another  of  the  family,  with  the  beak  curved  to  one 
side,  begins  in  the  Oolite,  Tritpnia,  a  triiingular  shell  (successor  to 
Mi/opkoria  of  the  Triassic  and  Schizodtu  of  the  Permian),  appears 
in  the  Lias. 

The  Gasteropods  are  represented  by  several  new  modern  genera, 
besides  others  that  are  now  extinct.  But  the  type  of  Cephalopo<l* 
especially  undergoes  groat  exi>ansion.  The  genus  Ammonites,  of 
Trias.sic  origin,  almunds  in  species  (figs.  70(),  701).  The  shell  of  the 
Ammonite  \\a»  the  septa  or  partitions  fiat  over  the  middle,  but  flexed 
or  plicated  in  a  complex  manner  at  the  margin:  in  an  upper  view 
of  a  septum  it  seems  to  be  bordered  by  a  few  large  holes,  each  of 
which  is  a  ramified  pocket  made  by  the  flexure  of  the  nuirgin. 
The  animal  lived  in  the  outer  chamber  of  the  shell;  but  the  mantlf 
descendeil  into  the  cavities,  and  thus  it  is  a-ssisted  in  holding  to  its 
shell.  The  siphuncle  differs  from  that  of  the  Nautilus  family  in 
being  dorsal.  In  some  species  the  aperture  of  the  shell  had  the 
simple  form  in  fig.  730 ;  in  others  it  was  prolongeil  as  in  fig.  731. 
Over  300  species  lived  in  the  Jurassic,  besides  many  Nautili. 

In  addition  to  these  Cephalopods  with  external  chambered  shells 
(Totrabranchs  or  Tentaculifers,  p.  ITjO),  there  were  also  those  having 
an  internal  shell  or  bono  (Dibranchs  or  Acetabulifers),  a  group 
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which  inelail«i  very  tu  jirly  all  known  exbting  species.  Among 
tlipni  the  mo«t  ul)un(iaiit  is  the  Hilrmnitc.  TIic  lo^^sil  is  a  cylin- 
drical stony  body  (Hg.  07U),  raUiateil  in  structure,  having  a  conical 
cnrity  (or  oAmoAu).  The  lonrer  part  of  the  etmtj,  in  perfect  ape* 
oioiens,  occupied  by  a  smull  chnmbered  cone,  called  ihopkragmt- 
tmf,  which  has  n  siphunoh'.  When  unbroken  (which  is  very 
seldom  J,  the  osselet  has  a  thin  expansion  above  on  one  or  two  sides, 
irhieh  ia  sometimeB  toueh  prohmged.  One  form  of  it  b  ahomi  in 
figs.  702.  703.  The  Cepliulopod  was  much  like  a  -SVpia.  Fig.  732 
represents  the  animal  of  an  allied  genus  called  Aeanthvtruthit. 
There  were  also  species  of  the  Sepia  or  Cuttle-fish  family,  and  Cula- 
■utries,  or  Squids ;  and  the  ink-bags  of  these  species  (flg.  706)  are 
•Ometitnes  found  fossil,  and  also  the  smnller  ones  of  Beli  miiiteij. 
Baeldand  states  that  he  had  drawings  of  the  remains  of  extinct 
species  of  Sepia  made  with  their  own  ink. 

Thesilb4cingdom  of  Articulates  is  represented  by  various  Worms, 
Crustaceans,  Spiders,  aii'l  !ii^<  et-  :  and  of  tin-  hist,  all  tin-  jiriiieijml 
tribes  appear  to  have  been  represented,  even  to  the  highest,  the 
Rjrmenopters.  Figs.  734^  735,  are  Crustaceans  of  the  Oolite ;  783, 
736,  remains  of  Insects.   Fig.  733  is  a  Dragon-fly,  or  LiUlluhi  (Neii- 

ropter):  fig.  736.  the  wing-ease  of  a  beetle  (ColeoptiT).  Fi^'.  7.37 
is  the  earliest  known  of  true  Spiders, — for  the  only  (Jurbouileruus 
qMcics  of  the  class  are  Scorpions.  It  is  flwrn  Solenhofen. 

Vertehrates  present  no  marked  progress  in  tlie  class  of  fishes: 
there  are  only  Ganoids  and  Selachians ;  and  none  of  the  former 
hate  vertebrated  tails,  this  Paheozoic  feature  finally  disappearing. 
Tbe  Beptilian  type,  on  the  contrary,  undergoes  an  expansion  more 
remarkable  than  tlisit  of  Cephalopo<ls.  Thfic  are  no  Lal'vrintho* 
dents.  But  tlie  true  Reptiles  come  forth  in  numerous  Enaliosaurs 
(ite*4aarian.«,  p.  340)  of  higher  grade  than  the  Stmosanrs  of  the 
Triassic,  as  is  shown  in  their  solid  bony  skulls  ;  in  Lacertiana  and 
'  roiodilians.  many  of  wliich  were  l.'i  to  50  feet  in  length  ;  in  great 
LHnosaurs,  the  highest  of  Reptiles;  in  Flying  Saurians  (Ptero- 
Mon),  having  wings  much  like  bats ;  in  Turtles  of  sereral  genera. 

The  more  common  genera  of  Enaliosaurs  are  IchtHyosaurua,  PUtuh 
•ownw,  and  Pliosauriii.  The  lehthyoMiurs  were  gigantic  animals, 
10  to  40  feet  long,  having  paddles  somewhat  like  the  whale  (fig. 
708),  long  head  and  jaws,  numerous  (in  some  species  200)  stout, 
conical,  striate<l  teeth,  an  eye  of  enormous  dimensions,  thin  disk- 
•haped  biconcave  vertebrm  (figs.  710,  710  a).  The  I.  communis, 
tond  in  the  Lias  of  Lyme-Regis  and  elsewhere,  was  28  or  30  feet 
I'  n^'.  More  than  thirty  speeieB  are  known  to  hatro  existed  in  the 
fieptiliaa  age. 
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Thf!  Plfjttosfivr  (fip^.  712,  715)  hod  ft  long,  snako-likc  neck  consist- 
ing of  twenty  to  forty  vcrtcbrip,  a  smnll  head,  short  body,  paddles, 
Rnd  biconcave  vertebrte  differing  little  in  length  an<l  breadth.  P. 
dolichodeirus  (fig.  712)  was  25  to  30  feet  long.  P.  macrocfphnlus  U 
represented  in  fig.  71'>  just  a*  it  lay  in  the  rock«.  The  British 
rocks  of  the  .Iura.s««ic  and  Cretaceous  periods  have  afforded  sixteen 
Hpeciea  of  Plosiosaurs ;  and  in  all  twenty-one  are  known,  of  which 
twelve  were  found  in  tlie  Lia»  and  seven  in  the  Oolite.  The 
Pliosaur  is  another  Bwimming  Saurian,  near  the  Plesio«aur:  .some 
individuals  were  .30  to  40  feet  long.  Heniain;»  of  more  than  fifty 
upeeics  of  Jura-ssic  Enaliosaurs  have  been  found  in  the  rocks. 

Many  of  the  CVocodilians  were  of  the  Teleosaur  type,  having 
slender  Jaws  like  the  Giivial,  and  nUo  biconcave  vertebnn, — the 
latter  a  mark  bcjth  of  antifjuity  and  inferiority.  Fig.  714  represents 
the  skull  of  one  of  these  species,  the  Mt/striojtaur. 

The  Dinosaurs  (p.  ^ACt)  attained  in  some  speei««s  a  length  of  50 
or  GO  feet.  Unlike  all  other  Reptiles,  the  sacrum  corresponded 
to  five  conibine«l  vertebru>,  as  in  the  higher  Mammals.  The  J/rvya/o- 
saurus  Bucklandi  was  about  30  feet  long ;  the  teeth  were  flattened 
and  curved,  with  trenchant  e<lges,  and  were  set  in  sockebs :  a 
horizontal  section  of  one  is  shown  in  fip:.  74<>.  It  was  a  terrestrial 
carnivorous  .Saurian. 

The  hjuaniyiion  of  Mantell  was  an  herbivorous  Dinosaur,  and  had 
the  habit  of  a  Hippopotamus.  It  was  ."{O  feet  long,  and  of  great 
bulk:  the  femur,  or  thigli-bone,  in  a  large  individual  was  about 
.''.3  inches  long,  and  the  liumerus  19  inches ;  the  teeth  (fig.  745)  were 
flat,  and  hacl  a  si^rrated  cutting  edge  like  the  teeth  of  the  Iguana; 
and  the  j.iws  had  some  lateral  motion, — indicative  of  its  herbivo- 
rous character.  Many  of  the  teeth  from  old  animals  are  worn  off 
sliort.  The  remains  occur  in  the  Wealden  of  Tilgate  Forest,  and 
in  the  Kentish  Rag  near  Maidstone. 

The  Ili/la-Msaur,  another  Tilgato  Forest  Dinosaur,  had  its  skin 
covered  with  circular  or  elliptical  plates,  and  was  20  to  22  feet 
long. 

■  The  Pterosaurs  belong  mostly  to  the  genus  Pterodarft/l.  Fig.  739  re- 
presents the  skeleton  (reduced  in  si/e)of  P.  rrasjsirostris,  showing  the 
forearm,  with  the  outiT  fingor  excessively  prolonged  for  supporting 
the  wing,  while  the  other  fingers  are  free  for  clinging  or  grasping. 
The  species  was  a  foot  in  length,  and  the  sprea<l  of  the  wings  was 
about  three  feet.  As  in  birds,  the  bones  of  Pterodactyls  are 
hollow  to  fit  them  for  flying ;  but,  unlike  birds,  they  had  the  skin, 
claws,  and  teeth  of  reptiles.  Their  habits  were  prol>aV»ly  those  of 
bats  rather  than  birds.    They  are  found  mostly  in  the  Oolite  and 
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Chdk,  and  one  in  the  laaa.  Solenlurfien  haa  aflbrded  a  number  of 
apecies. 

The  Mammals  of  tlio  Jurassic  have  boon  found  in  the  Lower 
Oolite  at  .Stone^ticld,  unci  in  the  Uppvr  Oolite  iu  the  Portluiid  "dirt- 
bed"  of  the  Lower  Purbeok. 

The  relics  from  the  St<mes6cld  slate  ore  referred  l)y  Owen  to 
3Iarsu].ials.  Fi;:.  741  represents  the  jawbone  of  the  Amjihitherium 
(TLyiacotheriuiujPro</^</>u,  and  ^^g.  742,  the  same  of  the  Pha»e<h 
laAtritm  BueklanAt^~fch.  twioe  the  siae  of  nature.  Tlie  Uum  fit 
the  latter  jaw  in  like  that  in  the  GomiTorous  Marsupials  (enpeeiaUy 
theThynlacini).  The  former  species,  according  to  Owen,  is  moat 
nearly  related  to  the  Marsupial  Innectivores.  Two  species  of  iiaip 
pUtAmum  have  been  found  at  Stonesfield. 

The  Portland  dirt-bed"  has  afforded  relioa  of  about  fourteen 
spocios  of  Mammals,  along  with  fl-esh-water  shells  and  inflects. 
Tlio  sjK'oios  have  l)oon  rcfornd  mostly  to  tho  Marsupials,  and  but 
one  or  two  to  the  Nun-iuuri>upiui  lni>ectivurct>. 

C^aneteristie  £^peaa. 
1.  Limmtic  £poii. 

1.  Radiataa.— /Vntoertitm  BiiartHBt  tnm  the  Middle  Lias;  Stsr-fith  of 

different  Ijrpc.',  including  that  of  the 

CjpAiMrM.    Fig.  6U4,  Dtadttua  triale,  ^>g- 
tnm  the  Lower  Liaa.   Al»o  ipecies  ^..^ /'r "•       '^^llfc, . 


Lower  Liaa. 

Five  p|»ecios  of  I.rptienn,  and  about  twioe  aa  many  Spiri/cr»,  t^cenr  in  flic  LU*. 
While  these  uhl  Silurian  genera  are  diaappearing,  tho  new  Brnchiopod  genoa 
nttUea  bcpin.0,  and  with  it  there  ate  a  few  LitgulK,  Khtfuchouelfm,  and  Cfa»iw, 
end  many  Tfrrhmtttlie.  The  gtntn  Litif/Hia,  Rkymckoutitu,  ni^il  f  inn  in,  it  should 
W  remembered,  are  lines  reaching  from  the  Silurian  to  the  preient  time;  and 
TtrthrttiHla  ia  nnotbcr  genus  dating  back  to  the  Devonian. 

(&.)  Comtii/er: — Fi^.  OrgphRii  nrcuuin,  i>K|ivcially  eharnctcri^^tic  nt  the 
Lower  LiaK  <>r  (iryi>liitc  limestone;  Gryphmn  Cymliimn,  of  tho  Middle  Lias| 
Biff^odium  pouderotum ;  fig.  098,  Ctenoidea  gigantea.  Other  genera  are 
FMbs^  Ammtbmt  naladomfm,  Ltda,  (^ftktrmt,  elo. 

PUnttrmt,  /Vaam^ss,  F^mdima,  HeUmia,  Nmta, 

etc,  are  sappeeed  u  bo^ia  here. 


2.  MoUnalkM^a.)  Bmthfopotb. 

— Fig.  '".'.•.>.  /.</if«r»<«  M<H>i-rl,  fruni  the 
Upper  Liiut,  interior  of  ventral  ralve, 
enlarged;  ig.  919%  donal  vaire  of 
Mini':  (lUft  ri,  Kama,  natural  Ate; 
fig.  697,  Spiri/er  WatcvUi,  from  the 
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(rf.)  Crphiilopodi, —  TttrnhrnHtli*. — Fig.  700,  AmmoHitet  Sodoli<n>H»,  from  the 
Lower  Lin-v:  fif^f.  701.  701  n,A.  bhulcalH*,  from  the  Lower  Lim  ;  A.  tnaryanta- 
tmt,  Middle  Lias.    Dibranch*. — f  igt.  702, 703,  different  views  of  one  of  the  formi 


Figa. 


BMCiitr>i>ops  nii'l  OoxcHifCRS.— I-'Ikti.  flftS,  61W,  Lcptn-tiH  Moorrl  (X71;  68ft  a.  midv,  oatarsl 
tirv.  OOT.  rii'lrifiT  W&lrutti;        Civnultii-s  (i'lntsiuBtuiuft)  giK>i>>""  (X        609,  GrjrpbM 

MTCUIllll  ( X  ?3)- 


of  a  ctunplftc  ossolct  of  a  Bclcmnito:  fi)?.  704,  Ft.  parfHotm,  Middle  Li««;  fijk;. 
704  a,  iwclioc  of  same  near  the  exireuiity  :  fig.  70o,  B.  piitilli/vrmU. — Also  fpe- 


Fiss.  700.  701. 


CzPBALOFODii.— Fli;.  *<><i,  AinnioiiitM  Nndollannn;  701,701  a,  A.  bUulcattt*. 

cies  of  the  r.ifiimniy  family,  or  Truthi'ln  (hnvlnjr  the  osselet  mcmlirnnoa^V  of  the 
genem  /Ithiirnthi;  Otuiruihio,  i'tc. :  the  fossil*  are  the  o8«eIet,  ink-bag  (fig.  708)i 
and  horny  claws  or  hooks  from  the  arma. 
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The  laut  ipecics  of  the  genua  ConHlaria  occurs  in  the  Li«s.  The  beak-liko 
aundiblM  (j**'*)  °^  Cephnlopoda  are  lometiinea  found  foasii,  aad  gu  UDd«r  the 


Figs.  702-706. 


^jtauIAMML— Tfg.  T02;  View,  rMluceil,  of  Ihe  complete  oeaelet  of  a  Belemnlte,— elde-rltv} 
n^Doml  vlewornme;  701,  a,  B.  imucIUomu;  706,  B.pteiiUifonuia;  TOB^Ink-lMg. 

3.  AxtionlstM. — ("■)  CniMt«r<  iiiiit. — Genera  Eryon,  Glyphta,  etc.,  and  CIr* 
riptdaof  the  gmas  PolUcipe»,  here  first  fonnd.  (/'. )  /iiKri^. — Colcopters,  gen. 
BakTf  Melottmtka,  B«ro$tu,  ttc;  Neuropterf,  gen.  Ejihemtra,  LihtlMa,  Onko- 
Mtofa^tte.;  Ortbopters,  gm.  CfrjfthUf  vte.;  Hamiptar^  gan.  CttadOf  OimMdtt, 

4.  Vettabrates.— (i.)  F!»hf».~T\f;.  7Vr,  M^maim  (TatnfOBokvii),  r 
natoration  of  tbe  fish ;  fig.  707  a,  scales. 

{K)  Jtcph'lM.!— An  tiM  Iteptllei  ham  bloonmTv  TUftobiaBb  Vlf.  fW,  fettkgO' 


456 


MESOZOIC  TIME — REPTILIAN  AGE. 


xiHrua  commMiiii;  fig.  709,  h«ad  or  fame;  figf.  710  n,  710  h,  Ttew  and  iMlior 
uf  vertebra;  fig.  711.  toulh  of  same,  uutural  site.  Fig.  712,  PUiutaunu  dulitU- 


Fig.  707. 


V 


,«»■ 


-AV|illlt»»fi»»i.iHl*' 

••••Hf^  Ml" 


Oaxoid.— JEcliniCHlut  (Tctnignnolrpii)  (X  ^i);  a,  Scalea  of  mtm*. 
Fijr*.  70S-7H. 


Ripnua. — Ptc-  708,  Iclitliyomiirm  oimniiini*  (X  \hn*\  UpwI  of  muiiF  (XiAi^:  710  *, 
710  h,  Tirw  ami  ioctlon  of  vprlehrn  of  rnxmc  (X  !^);  "11.  T<w»th  of  mmr,  nAtunO  »lie;  Tli 
Plr<iiniuiiiru«  dolirhixlrlnm  (X  i^)'.  713  a,  713  I,  view  aiul  itvcllon  uf  vortcUra  of  (aaie;  Tli, 
MviilrkMturiu  Ticdmnnul. 
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dtinu  ;  figs.  713  n,  713  h,  Tiew  and  leetion  of  vertebra.  Fijt.  ?15,  P.  maeroetpha- 
/m.  fig.  714,  Myttriotanrut  (TeleoBaaras)  Tiedmanni,  of  tbo  Crocodilian  order. 

Fig.  715. 


\9 


it!' 
tt 


it 


I 


RcrriLt.— P>r«luwitiruB  marroc«phAluii  (X4\>)- 

Other  Lin«  genera  of  Crocndiliana  of  the  Telcosaur  faniily  were  the  .V<irro«p«>»- 
<i^{M  and  /'rliigotnuriui,  rpeciniens  of  which  are  fuund  in 
Wurtembcrj^.    Fig.  710  ia  a  coprolite  of  a  Saurian. 


2.  Oolilie  Epoch. 

1.  Plants. — The  following;  are  Komc  of  the  cnminnn 
reoera:  of  Fern*,  Ptropierif,  Tir>tii>pteri*,  Sn'jrHnj>tfr{i>,  Uloi- 
—fMeriii ;  of  Cvcadw,  Pirrophythnu,  Znnntm,  Palirntnritia, 
ifoHielUa  (or  Cycadeoidea) ;  of  Conifer*.  Tiixite*,  Thnyite; 
fhimtnnrltr:  There  arc  alsK  cpccies  of  £7«i'*rfiinr.  Fig.  671 1 
Portland  "  dirt-bed."  with  Mumps  of  trees;  fig.  673,  MnntcUia 
mtjalopkiflfn,  frnm  the  "dirt-bed." 

2.  Protozoans. — Spo»'jt*. — Sponges  are  common,  ami 
fcre  of  many  species.  Fig.  717,  Scyphia  reticulata,  from 
(be  Oxford  Oolite. 


Fig.  riu. 


Coprollte, 
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3.  Radiates. — (a.)  CoraU.— fig.  718,  Montii^ltia  earyopkyllata,  from  tht 
Bath  Oulite;  Gg.  719,  Prionattrea  oblonga.  Lower  Oolite.  Anahaeia  OrbHlilm 
ia  a  diflk-elupo  conl  of  the  Fangia  family,  from  th*  Lower  and  Middle  Oolite. 


gfoitat.—Tig.  "17,  ScypUIn  retkuUU.  Poitt^^oium.— Flf .  718,  MontllT»lii»  ckryitphyllaU : 

710,  PrioDmstrB>>  oblonj;*. 

(b.)  Eekinodrrtnu. — Fig.  720,  Apiotrinnt  RoxfuixaHut,  from  the  Coral  limoftone, 
— only  the  top  and  lower  part  of  the  stem  given.    Fig.  721,  Saccocoma  ptetimatm. 


Figj.  72(V-722. 


EcHCTODtans.— Fig.  730,  ApiocrlDTu  Rn.rvlanan  {X\0:  721,  Saecoooma  pectlnala;  722, 

T-^  a,  CMarl*  DlumoDlxtcbii. 

SUr-fiih  related  to  ComalHta,  from  the  Middle  Oolite;  fig.  723,  Cidaru  Slmmen- 
bachii;  fig.  722  a,  spine  of  same. 
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4.  MollOSkS. — (a.)  CoHckifer: — Fig.  723,  0»trta  Alarthii,  characteristic  of 
the  Oxford  (Kellowty)  CUy;  fig.  724,  Ejrw/jra  Vtrgula,  from  the  Upper  Oolite 

Figs.  72.V-2S. 


CowmriM.— Fiic.  T23,  0.tri«  Mnmhll;  7.'4,  Kx.M:yniVlr  t<i1i»:  72.V  Orypha-a  diUtatd;  Ti'ft, 
TrlKuDlseUTfJIaU;  727,  AHlai  tr  tuiDilua;  7*.  DWraii  uriotiuu. 


iKimmeridtre  Clny);  fie.  725,  Otyph 
fig.  72<5,  7Vi</oii,'n  riarrltnin,  I'pfKT  Oidilo  ;  fig. 
727,  Attartt  minima.  Coral  liiuvt>t<>nc ;  fig.  72!<, 
Dieenu arietiita.  Coral  liuestone,  a  bi»-Blvc  «rhfl<c 
vtlres  are  each  elonealed  into  the  «h«pe  <.f  a 
curbed  hum, — wheDcc  the  niime,  from  in,  twier, 
and  Mpof,  knm. 

{f>.)  GnttrrnfHMif. — Fig.  729,  .Vrrimrr  nimtfhnHH, 
Coral  lime«tonc.  The  genuH  \*  rcniArknUlo  for 
the  elongated  form  of  the  nhFlln,  and  for  having 
'"Oe  or  more  prominent  rlh*  on  the  inner  nurfnoo, 
partlj  filling  or  contracting  the  interior.  The 
appearance  of  the  api-rtiire  in  one  jipeeiei  i.< 
fhown  in  fig.  7f 5 :  the  spcripn  are  cnnfinoi!  to  the 
Jaraasic  and  Cretaceoii.i  pcrimli.  I'urpuruiilrft 
•odmtata,  from   Middle   Oolite,  I'U 


Fig.  729, 


N.  rintea  a<>o<ninllil. 
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ornata.  Lower  Oolit«,  are  charactcriBtie  forms.  Tbo  Oasteropuds  with  an  tnt.re 
■perturo  are  itill  far  tb«  mufi  abundant  itpccieti;  but  a  few  genera  with  a  bcatL 
exist,  and  tbe  PurpuroiJea  (near  the  modern  Purpura)  u  one  example.  Except 
in  the  groat  predomiuauco  of  speciei  with  the  a{>erture  entire,  the  GntirrupoJt 
have  generally  a  modern  aspect :  among  them  there  are  the  genera  Bulla,  Pun- 
fcra,  Ctritkium,  Fumhi,  Sfritu,  Patella  .',  and  other*. 

(e.)  Crpkaloftodm.—  Ttlrahranrht. — Fig.  730,  ^nrniniti'fr*  fftimjihrryinnus.liOmtT 
Oolite  ;  A.  »trifttu/u»,  Lower  Oolite ;  A.  corHatui,  Middle  Oolite ;  fig.  731,  -4.  JatM 
Middle  Oolite;  A.  rtfraclum.  Middle  Oolite;  ali^o  cpecioi  of  Ancyluctrai  and 
TnJtactran  {m«  figs.  787,  "8tt). 

Dilranck: — litltmnittt  hailiitut,  Oxford  C\ay.  Tip.  7.'i2,  ArnntXolenlhi'i  vtti- 
luut,  Oxford  Clay.    Also  species  of  the  Calamary  and  ^rjjia  fauiilicg,  as  Coeeo- 


Figs.  7.1»-7.'i2. 


CtPHALOPotis.— KiK.  (DO,  AmnioolH'«  Iliiinphreyiilanoi ;  731,  A.  Jasoo;  7S2,  AcaolbotentUi 

aiitl«lou«(X^). 


ttuthU  of  the  latter.    The  oiselet  in  the  Sopia  group  is  caloarcoos  instead  of 

membrnnous  (p.  156). 
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5.  Articulates. — (o.)  Cni»taer.nu», — Fig.  734,  Erifou  nt-cl!/ormt;  Solen- 
hofcD.    Fig.  Tii,  ArckKtiHi»eu»  Bruditi,  an  IsopoJ  from  (ho  Purbcok. 


Figd.  73-1-7:!'. 


AancvLATn.— Pig.  733,  LlbvIluU;  7U.  Rrron  Arctirornilo:  735,  ArrhnsiuiHrn^  Brtxlipi;  'W. 
Elytron  or  wing-^iue  of  Itiiprpxlin;  737,  Pnlplpc*  pritcu*. 


(6.)  Iii^ecin. — Coleopter.«,  genera  rVrrn/jM*,  Itiijifrtti*,  ('>ic'-ii>rlfi.cit:.;  Neuroit- 
tefB,  Like/tula,  Tr.rmf,  etc. ;  Orthoptcrs",  lili'iin,  Arhritt, clc. :  lleinipterji,  Ciradu, 
etc.;  Di|>lcri>,  ChUj',  Chiniuomnn,  Muxfu,  aW.  :  Lc|ii<I(*[ilcr.<>.  Tinrilr;  Sphinx: 
HjinenopterB,  Apinria.  Fig.  733,  LibtUuhi,  .Solenhofcn.  Fig.  736,  Bupre»ti; 
StooeaficM. 

(c.)  Spider*. — Fig.  7.'i7.  Pnlpiptu  ;>nVri*. 


Fig.  7.1S. 


Oak on>.— AtpldorhynchuA  ( X  V« ). 


6.  Vertebrates. — [a.)  Fi»Ar».— Fig.  7.18,  AitpidorhynrhH;  Solcnhofen. 
Pyenodont  Oknoids  (see  p.  280)  occar  among  tbe  fossile,  and  one  of  large  siie 


462 


MESOZOIC  TIME — REPTILIAN  AOE. 


from  the  Upper  Oolite  is  called  the  f'yrnodiu  giga:  Also  Selachiuu,  6f  th« 
genera  Notidnun*,  Ht/hviin^,  Aen><l»i. 

(6.)  RepilU:  —  Fig.  7.19,  Pterodortylu*  cra—iro»trit,  from  Solenhofen.  Fig. 
740,  section  of  the  tooth  of  the  Dinoi>aur  Jfrgalo^aunu  BuckOtHdi,  8toDe«fiel(L 
Other  Reptiles  of  the  Oolite  were  the  Crc«o<lilians  with  biconcare  rertcbra, 
Tefeinanrti*  (20  te«t),  Stento*aunt»  ;  with  oonvezo-ooncare  rertebne,  CtliMamra* 
(80  feet),  etc. ;  the  Lacortians,  GronnurM  (12  to  13  feet  long),  Homiiotaana 
(6  feet),  etc.;  Enaliosaurs  of  the  genera  IchihjfoiaHrHt,  PU*<o*aunu,  Plionnmt. 
Besides  these,  there  were  the  earliest  Chelonian  remains  (for  only  tracks  of 


Fig.  739,  Pterodaclyloj  cnuairostrii  T40,  SeclioD  of  a  tooth  of  Hegalosanra* 

Bucklandi. 

uncertain  character  occur  in  the  Triassie).    The  species  Tdiock^lyi  Wayneri 
(six  inches  long)  and  EHrtfuitrnHm  Wmjltrt  are  Turtles  from  Solenhofen;  and 
f'hrloHr  ftlanieep^  is  from  the  Portland  Stone, 
(c.)  Bii-d*. — None. 

(rf.)  Mnmnxalii. — Fig.  741,  Amphit\t:n«m  (Thjlaoolherium)  Brodtn'jtii,  twice 
natural  size,  Lower  Oolite,  Stonesfield.  Fig.  742,  Phnteoloikerium,  tw\e«  natural 
site,  Stonesficld.  Sirreoyvathnt  U  the  name  of  another  small  Stone^field  speciea. 
which  Owen  suggests  may  have  been  an  herbivorous  mammal.  On  this  point 
he  says : — "  Admitting  the  horbivority  of  the  fossil,  it  is  not  certain  that  it  was 
hoofed  ;  there  is  nothing  in  the  fonn  and  structure  of  the  tooth  to  prore  tbaL 
Both  form  and  stmcturo  are  compatible  with  the  hoofless  maticate  typ«  of  herbi- 
Torous  Mammals,  as  shown  by  the  Manntec ;  it  is  the  small  siie  of  the  Sirreo- 
<^HofAN>  which  renders  it  less  probable  that  it  was  a  diminutive  kind  of  Manate*, 
and  more  probable  that  it  was  a  diminutive  form  of  Ungulate.  Bat,  seeing  the 
manifold  diversities  of  the  multi-cuspid  form  of  molar  teeth  in  recent  and  ex- 


Figs.  7.19,  740. 
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tet isMetiTorona  an^iculate  quadrupeds,  it  is  not  impoisibl*  bst  that  Um 
SlertoftuttkH*  may  have  belonged  lo  that  order." 
Of  the  flpecMS  found  in  the  uppermost  Oolite,  the  Forlwek  beds,  there  are  the 

following: — Triconodou  moidax  Owen,  nearly  AS  large  as  a  hcdgehoK  (length 
of  rainiu  of  jaw,  li  inch);  another  ipeciea  of  the  genua,  a  third  larger:  they 


Fig*.  741, 741 


WlWIIHi  tli  T'V  Amiihith.  riiiin  iTb]1«eo*herlam) Biodorlpll (X >)> 

742,  PhMOolutberium  Bocklaadl  (  X  2  ). 


ue  allied  to  the  Stoneefield  cpeeies,  and  were  probably  nannpial.  Plagiaulax 
Bttklfii  and  P.  mtMr  of  Falconer, — probably  Carnirorona  Marsupials;  the  former 
Mlarge  aj  an  English  squirrel  (length  of  ramus  of  jaw,  U  incb  i,  the  latter 
Bore  than  half  smaller.  Sjtalitcoihrrinin  tn'oixjiiilrui  Owen, — probably  an  in- 
Hcttrorous  Marsupial ;  length  of  ramus  of  lower  jaw,  about  an  inch.  Another 
ipMtai  ii  11m  MrkmlM  of  FalooMr,  nguded  hj  him  m  in  ImaoliTon  not  auur- 

1-  Plants.— Conifers  closely  allied  to  Araucnria,  Ab!e»,  Cnpret^u*,  Juntpt- 
nw;  Cycads;  trees  allied  to  DraewMf  YtuetfyaudBromaliaj  EfmMtatnAFvmaf 
delicate  Ckarm  of  rivalet«. 


Figs.  743,  744. 


iMnnnr-ilC.  T4lk  Valo  ▼■Idmlii  T4^  Tlflin»(nMiB^  llttvfgnn. 


1  MolimlBi^yiridipiwUgr  vpailM  in  laif*  B«atei%  mp^OaSkf  ti  ih« 
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Fig.  745. 


O^rtmm,  ftrniurhit,  Lfmnma,  Uiti»,  maA  Mudtmrn,  Fig.  f4S,  tM^  Ymt' 

,f  7-14,  Vivipnrii  {PnUidinit)  Fluvivrnm. 

3.  Articulates. — OatracoicU,  related  to  Cg- 
■  pHtf  etc,  Twjr  •bunduit  In  §am»  Uytn.  Imioto 

of  thirty  or  forty  familiM,  including  Culooptur^ 
OctboptKir  Kfuropters,  Hemiptera,  and  Dipt«ra, 
or  Beetle^  Crteketo,  Dragon-fliea,  Cicadie,  May- 
flies,  etc. 

4.  Vertebrates. — Fhhf»  «if  the  orders  of  Gn- 
not(<«  and  ^eiachiau;  in  all  thirty  or  furty  ape* 

•  olei.  Repriha^lBnwXiBtuan  of  tb«  gmm  M- 

lljpoMKr  and  IVminnnur ;  Dinosiiurs  of  the  prncra 
l^umodoit,  Ji^UetmiHr,  JJegalutaur,  &tgHota»r j 
Ig.  7411,  looCli  of  the  Igimmo4»*t  Crooodiliaai 
with  Heoutnce  vertebra;  of  the  genera  Suekoiaur, 
Omiapkoli;  PcecHopUurou,  etc.,  with  coMcexo-con- 
etne  T«rt«br»  of  tho  gonai  Cttictamr,  but  mam  «f 
tho  iiiodorn  or  procoelian  t3'])o  (coucavo-convfjc), 
which  appear  flrat  in  the  Cretaceous ;  Pterodactyla  j 
Tnrllw,  M  tbe  IVeiMremMm  |;HMei«iini  Omn  (Trlf 
onyx  BdniraUl  Jfimtell},  eto. 


FtonUs  dianetortollo  of  tlw  SabdtvMou  of  tko  luvMie. 

1.  howzH  IjIAB.— Dlndt-nin  »eri(ilf  {ig.tti)}  Spiri/trtnn  Wnfroiti  (fig.  697); 
Ofjffkma  nrewota  (fig.  689);  Cnrdinta  cnnrinnni  PUnrotomarim  Augliea ;  Am- 
mom{t€»  limfMAw  (or  BtiMondi)  (Og.  701),  A.  eaUHatrnt,  A.  CoHybeari,  A.  No- 
dutuiHu*  (fig.  700);  BelemHittt  oemhu. 

2.  MiDDLR  Lias. — Pentaerintu  Briamu ;  Terebratula  rtmota,  T.  immitwuilu, 
Oryphira  Cambium,  Pecten  Kquivahi;  PUHrotomaria  ejrpan*a,  Ammonitt  marfu- 
ritatu;  A.  tpinatii;  BeUmultet  Mt'ger,  B.  paxittoant  (fig.  704). 

3.  Upper  Lias. — Pfiitncrimu  mlgnrii  ;  Lrpta-na  Moorri,  etc.;  O'trea  Kiiorn  ; 
Potidniiin  BroHitii,  Ctcnuide*  (Plagiostoma)  gigaiitea,  Ttirbo  »HbpiicatHa ;  Am- 
MONifM  bi/rena,  A.  lieterophtfUmB,  A,  rmUam  {Kiltn,),A.  etiymfAiiM,  A.  Brmikm- 
n'dijii,  Ttdemnitt^  irrrgnlari: 

4.  LowsR  OOLITB. — (I.)  Inferior  Oolite. — Djf tatter  riugen;  Cl^pent  Hitfif 
fVreiralMla  apfnaamt  f.  JImMmt  T,  parmu^  XkipukameUa  tpUmmf  Oahwn 

Mnmhii,  O.  ai  nmiunl'i,  P'rt'-u  f.nif,  Ctrnoxdrn  ifujnutnx,  Tr  u/otiin  cuttntn.  Ph<Jn- 
tlom^a  Fidiculaj  Turbo gibUttut,  Pleurolomaria granuiala  /  AmmoHitea  Ummpkreg- 
"dumu  (Sg.  7S0),  A.  elHalHiii^  A.  BnihuuHgii,  NmiHImt  Nmtatitf,  Memmltm 
figantent. 

(2.)  Oreat  Oolite  (Bath  Oolite,  inolading  Stoneafield  alate,  Combrash  and  Foceet 
Marble).— ^/n'ocrj'itiit  rofmHfiia^  A,  Parkimaonif  A.  titgam,  Ctgptm  ^iltBmf 

TerthrattiUx  diijnnu,  Otiren  omaifeaMl,  Pecten  Lent,  Pholndomy'a gibboaOf  Trigomia 
coetataj  PHrpuroidea  modulaia,  Cufindriiea  acMtwi  Ammamitae  Diatm»f  A,  bullettni, 
A.  Bmikmrtdgii,  B^amnUe*  giganten*,-  3fegaloaemnia  AwWoMr/,  fWaeeeiar,  Ob> 

ti'oKnur,  Plrrod'H  tylt,  etc 

&.  MiooLB  OouTB.— (L)  Oj^ard  CZajr  and  JSTe^MV  RoeL—Dgaetitar  aamaU- 
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etilntn;  P.  otalU;  Terthrntula  diphyn,  T.  rnn'nnt.  O^trrn  }far»hli  (fig.  723), 
0.  grtyaria,  Qrjfpkma  dilatata,  Triyoniu  tlou'jnla,  AaUirfe  oiuUt/  Ammomittt 
Jmmm,  A,  torouattn,  A.  (httovintit,  Bet»mnit«9  Aaafnrm. 

(S>)  Coral  Limeitone  (Coral  Rag).  —  Ajiiorriuin  Koy^ionti;  ITemicfdari*  crt- 
minrit,  OdarU  coromala,  Pjfgatttr  patelli/ormi*  f  Oifrm  r/rrgaria,  Trigonia 
Brommiif  T.  eoateto,  Dietrat  mriHima  (flf.  7SS),  Alttru  <!<>j,m$,  A.  minima  (tig. 

727);  PUnrotomnria  granuhtta,   Seriuira  />t»eiaia,   N.  Qoodhallii ;  Aiiiinoin'tf 

AUtrntMitf  A.  piieatili*.  At  Soleuhofen,  Jttrodactfliu  crouiro^trit  (fig.  739), 
■ad  other  ipeeiM. 

6.  Upper  OoLitb. — (1.)  Kimmtridge  Clny. — Onirrn  deltoidta,  Exogyra  VirgtJm 
(fig.  724),  Trigonia  mwricala,  T.  clarellala  (Hg.  726),  Cardimu  ttriatttlum /  Aerinma 
Qomc ;  Ammouitt*  deeipirn*,  A.  roUmdtit,  A.  bipfer. 

{2.)  Portland  St"ii(_.  ~  O'Irrii  (xjiiiu'ii,  Tnijoiiin  'jibh'itn,  T.  ^ougOttt$  clnvti- 
tttu  (8g.  726),  LnciHa  Purtlaudicti,  Cardium  di»$imiU,  Jfactru  notlrala/  Natiea 
tUgvH*;  At-mimitc$  bipltjr,  A,  gigouUtt, 

7.  PoBBBCK  %m»^ttemieidan9  pMrbeckeniit  /  Ottrta  diHoHv,  FaMhta 
•mimfftmi  Cgpri*  (rariovi  tpaoiw);  JfaJile/Mn  Kwgalcfhfthu 

XXL  GwMral  Otafwrattona. 

American  Geography. — From  the  outcropping  of  the  Jurasdo 
ImkIs  along  the  Black  Hills  and  the  Hanks  ot"  t)i»^  Horky  Mountains. 
Uayden  &  Meek  huvu  interred  with  good  reiuion  that  these  rocks 
prdwbly  underlie  the  widespread  Cretaceous  strata  of  the  eastern 
dope  of  the  Rocky  ICoantaina;  and,  as  the  elevation  of  the  Rocky 
chain  above  the  ocean  was  not  completed  until  long  after  tiie 
close  of  the  Cretaceous  period  (although  it  may  have  been  begun 
beftwe  it),  we  may  infer  that  the  condition  mentioned  as  cha- 
racteristic of  the  Tria««ic  period— a  shallow  submergence  beneath 
an  inland  sea  (p.  442) — was  followed  in  the  Junu-isic  period  by 
a  somewhat  deeper  submergence,  or  at  leaat  that  the  waters 
communicated  directly  with  the  ocean,  so  that  mwine  life  once 
more  ooirered  the  Rocky  Mountain  region  from  Kansas  westward 
lieyond  the  summit  of  the  chain,  and  in  those  shallow  seas  lime- 
stones were  forming  again,  as  in  the  latter  half  of  the  Carboni- 
ferous age. 

The  absence  of  seMhore  Jurassic  beds  from  the  Atlantio  border 
leads  to  the  same  conclusions  with  regard  to  the  coa.st  in  the  Ju- 
rassic period  that  w.  ri'  deduced  for  the  Triassic  (p.  442). 

European  Oeography. — The  Jurassic  period  commenced  in 
England  with  the  marine  deposits  of  the  Lias.  Throu^  the  Oo- 
lite the  alternations  were  very  numerous,  indicating  oscillations 
between  clear  seas  and  shallow  water  or  half-emerging  land,  in  the 
course  of  which  there  were  coral  reefs  in  England  and  Europe. 
The  evidences  of  shallow  water  and  emerging  flats  increase  to* 
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wards  the  close  of  the  period,  dry-land  intervals  begin  to  predo- 
minate o%'er  the  marine,  ond  some  parts  of  the  Jurassic  lands  are 
regions  of  lakes  and  estuaries,  of  forests,  and  of  abundant  Reptile 
life.  The  history  in  Europe  in  part  runs  parallel  with  this,  although 
with  many  local  peculiarities. 

The  position  of  the  JuraAsic  beds  across  England  on  the  east  of 
the  older  partii  of  the  island,  and  their  continuation  over  parts  of 
northern  Franco,  correspond  with  the  vi«Mv  that  they  were  formed 
on  the  borders  of  a  German  Ocean  b.u^in.  This  is  well  .<*hown  as 
relates  to  England  on  the  map  on  p.  354.  Whether  there  was 
then  a  British  Channel  or  not  is  not  yet  decided.  Some  English 
geologist.s  mnke  the  channel  of  Post-tertiary  origin. 

Life. — It  is  evident  from  the  review  that,  while  Conifers  and 
Cycads  made  up  the  bulk  of  the  Jurassic  forests, — Cestraciont  and 
other  Sharks,  Rays  and  Ganoids,  the  fishes  of  the  world, — Trigoni*, 
GryphiTfo,  Ammonite's,  and  Belemnites,  a  characteristic  part  of  the 
MoUusks, — at  the  same  time  grazing  and  carnivorous  Dinosaurs 
and  Crocodilians,  huge  Swimming  Saurians,  Flying  Lizards,  and 
Turtles,  existed  in  vast  numbers,  and  were  the  dominant  inhabit- 
ants of  the  globe.  Reptiles  were  pre-eminent  in  each  of  the  three 
elements, — in  place  of  whales  in  the  waUr,  of  beasts  of  prey  and  he^ 
bivores  on  the  land,  and  of  birds  in  the  air.  It  was  the  meridian  of 
the  Reptile  world.  And  the  abundance  and  variety  of  the  remain* 
in  Britain  seem  to  point  to  that  region  as  one  of  the  most  populous 
centres  in  the  Reptile  world. 

Along  with  these  powerful  Reptiles,  there  were  small  Marsupials, 
and  probably  Insectivores, — announcements  of  the  decline  of  the 
Reptile  Age,  and  precursors  of  the  reign  of  Mammals. 

The  great  multitudes  of  Reptile  and  other  remains  cyitombed 
in  the  Stonesfield  slate,  the  Wealden,  and  the  beds  at  Solenhofen, 
do  not  indicate  an  excess  of  population  about  these  spots.  They 
point  out  only  the  places  where  the  conditions  were  favorable  for 
the  preservation  of  »uch  relics,  and  prove  that  the  land  was  covered 
with  foliage  and  swarming  with  life,  everywhere,  we  may  l>elieTe, 
as  regards  Insects,  and  at  least  in  the  vicinity  of  water  for  Rt»ptile*. 
.\  bed  of  coal  is  not  proof  of  more  vegetation  than  elsewhere,  but 
of  the  presence  of  fresh  waters  during  the  accumulation  «n*l 
afterwards,  which  favored  the  kind  of  decomposition  required  for 
making  coal  (see  p.  361). 

The  dirt-bed  of  Portland,  abounding  in  Mammalian  remains,  and 
yet  only  five  inches  thick,  shows  strikingly  what  we  should  find  in 
the  Coal  formation,  with  its  many  scores  of  dirt-beds  of  far  greater 
thickness,  if  Mammals  were  then  living. 
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CUmate. — The  ex  istence  of  BelanniUt paxiUottu  and  AmmoniU*  itipUx 
(or  doMlynJUed  species)  in  the  Arctk!»  the  Andm  of  Sootli  Ajoe^am, 
and  Europe,  indicates  a  remarkable  untformity  of  climate  ov«r  the 
globe  in  the  .Jurassic  jicriod.  No  farts  ronnt'rte  l  with  the  geogra- 
plucftl  distribution  of  species  are  yet  ascertaiiietl  that  sustain  the 
idee  of  ft  dhrenity  of  sooea  approaching  the  present.  The  fi»t* 
fiiTor  the  view  tlutt  the  climate  of  the  Axetic  in  the  JunMio  period 
WM  at  leeat  warm-temperate. 

CE£TAC'£OUS  P£RIOD  (18). 

Th«  Cretaceous  period  is  the  olosing  era  of  the  Reptilian  Ago. 
it  is  remarkable  for  the  number  of  genera  of  Mullusks  and  Kep- 
I3m  which  end  with  it,  and  also  for  the  appearance,  during  its 
progittM,  of  the  nodera  types  of  plants  and  fishes. 

The  name  Cretaceous  is  from  the  Latin  rreta,  chalk.  The  Chalk 
of  iuiglaud  and  Europe  is  one  of  the  rocks  of  the  period. 

1.  AMERICAN. 

ErocHS. — 1.  £rocu  of  the  Earlier  Cretaceous*  2.  ErocB  of  the 
later  Cretaceous. 

It  U  prdbeble  that  only  the  later  half  of  the  Cretaoeons  period  of 
fuiope  is  represented  by  these  epochs  in  America. 

I.  Rocks:  kinds  and  distribution. 

The  Cretaceous  beds  occur  (1)  at  intervab  along  the  Atlan^ 
Unbr  sdkith  of  New  York,  from  New  Jersey  to  South  Carolina,  (2) 

extensively  over  the  State.s  along  the  Gulf  lordrr,  and  {?>)  through  a 
large  part  of  the  WcsUm  JnUriar  rtigutn^  over  the  slopes  of  the  Kocky 
Mbantafais,  from  Texas  norlhwaid,  to  the  heed>waters  of  the  lOs- 
!«oQri  on  t)ie  east  of  the  summit  of  the  chain,  and  far  into  the 
Colorailo  region  on  the  west.  Slill  fartlier  northwest  in  Briti-h 
America,  they  appear  on  the  Saskatchewan  and  A^'■-iuiboiue,and 
also  on  the  Aretie  Sea,  near  the  mouth  of  the  Xackenxie.  North 
of  New  Yoric  on  the  Atlantic  l)order  thej  are  unknown. 

On  the  map,  p.  133,  the  Cretaceous  areas  are  indicate<l  by  broken 
lines  running  obliquely  from  the  right  above  to  the  left  below : 
ene  area  crosses  New  Jersey  (the  oUier  outorope  <m  the  Atlantic 
lonJer  are  too  small  to  be  indicated);  a  far  more  extensive  area 
covers  the  Gulf  States,  and  another,  the  region  west  of  the  Mis- 
nssippi.   The  region  along  the  Oulf  border  as  well  ss  AtUmtic, 
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lint'd  closely  from  the  left  to  the  right,  is  Tertiary  ;  and  it  pro- 
bably covers  Cretaceous  throughout.  The  part  of  the  Rocky 
Mountain  region  more  o|>enly  lined  in  tiio  same  direction  hw  • 
surface  of  fresh-water  Tertiary;  but  Cretaceous  bods,  in  many 
places  at  lea«t,  lie  lu  npntli. 

The  rocks  comi)riNe  betls  of  sand,  marl,  clay,  loosely-aggregated 
shell  limestone  and  compact  limestone;  they  include  in  North 
America  w  ^uJk, 

The  sandy  lay  r^-  ])redominate.  They  are  of  various  colors, — white, 
gray,  reddish,  dark  green;  and,  though  sometimes  solid,  they  are 
often  so  loose  that  they  may  be  rubbed  to  pieces  in  the  hand,  or 
worked  out  a  pick  and  shovel.  Layers  of  potter's  clay  oooar  in 
the  series. 

Tlu'  <laik-;:reon  sandy  variety  constitutes  extensive  layers,  and- 
i;oed  by  tlie  name  of  Grcen-saml ;  and,  as  it  is  valuable  for  fertilising 
I>urposes  and  is  extensively  dug  for  this  object,  it  is  called  MaH  in 
New  Jwavy  and  elsewhere.  Thb  Greon-sand  owea  its  pecuUaritiea 
to  a  green  silicate  of  iron  and  potash,  which  forms  the  bulk  of  it, 
and  sometimes  even  90  per  cent.,  the  rest  bein;;  ordinary  sand 
mixed  with  it.    There  is  a  trace  of  phosphate  of  lime,  evidently 
derived  from  animal  remains, — as  animal  membranes  and  shells 
contain  a  small  percentage  of  phosphates.     It  is  supposed  to  owe 
its  value  in  apricnlture  to  the  potash  and  the  phnsj>1iates.  Fossil 
shells  are  very  abundant  in  many  of  the  arenaceous  and  marly  beds, 
and  in  B<mie  they  lie  packed  together  in  great  numbers,  as  if  the 
pwcepingi  of  a  beadi,  or  the  accumulations  of  a  growing  bed  in 
shallow  waters,  sometinies  cemented  together*  but  generally  loose, 
so  as  to  be  easily  picked  out  by  the  fingers. 

The  Cretaceous  limestones  in  Textm  are  firm  and  compact,  and 
some  beds  contidn  diert  distributed  through  them,  as  the  flint 
through  the  Clialk  of  England. 

The  Cretaceous  formation  lias  a  thickness  in  New  .Jersey  of  4(1') 
to  500  feet ;  in  Alabama,  of  500  to  GOO ;  in  Texas,  of  about  800 ;  and 
in  the  regi«m  of  the  Upper  Kissouri,  of  9000  to  2500  feet. 

^e  two  epodis,  that  of  the  Earlier  and  that  of  the  LaUr  Creta- 
ceous, are  represented  in  the  Western  Interior  region  (including 
Texas) ;  while  on  the  Atlantic  and  Gulf  borders,  in  New  .Jersey, 
and  elsewhere,  the  beds,  exdnsiTe  perhaps  of  the  lowest  unfoaaili* 
ferotts  layers,  belong  to  the  Laler  Cretaceous. 

The  latsrior  limit  of  the  Crctacooua  formation  (s««  map,  p.  l.l.'t)  follows  S 
lino  aor(>!»i  New  Jersey  from  Stiitcn  I:<lnnil  to  tlic  licad  of  Delaware  B«y; 
aoroH  Delaware  tu  the  Cbosnpcakc;  across  Maryland  between  AnnapolU  and 
Bsltisisi%  soathwmt  lato  Virginia;  eesois  at  BlIsalMlh  on  0^  Fear  River  ia 
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North  Carolina,  and  •poringljr  in  South  Carolina.  Dut  more  to  the  westward, 
at  Maeoiif  Qeorgia*  «ommenoea  the  large  Southern  Cretacooug  region,  which  'u 
eoBtlaiMd  iato  the  Hiwissippi  basin,  and  whoea  inner  oatlinc  paj(iio8  by  Colnmbai 
in  Oeorpa,  Montgomery  in  Alnbiuna,  and  then  Wnds  northward  ovor  n  rili 
weetem  Mississippi  towards  the  mouth  of  the  Ohio;  it  descends  southward 
again  on  the  west  side  of  the  Mississippi  orer  eastern  Arkansas,  spreading  nt 
the  mm»  time  westward  soaUi  of  Littlo  Eo«k  and  Fort  Waabita;  not  for  from 
the  loFt  peint  the  Cretaceous  area  expsnds  southward  over  part  of  Tex a-s  and 
northward  over  a  large  part  of  the  eastern  slope  of  the  Rocky  Mountains,  as 
already  mentioned.  About  the  summits  of  the  Rocky  Mountains,  Cretaeemta 
bcfl?  I'ccur  in  Now  Hfrxifo  jiImhj;  the  Itio  (Jrnnile  clcl  Norte  fo  if"  ln-ad-wntcrs} 
and  wc«t  of  the  eumiiul  they  spread  over  the  region  of  the  Colorado  as  far  as 
thaneridlaiior  113"W. 

On  thcP;i<Mftc  C":u>^t,  ("■rptncpous"n"''pks  have  l.ccn  rMiti'l  <in  fliri'nst  siidcof  Vnn- 
eonver's  Island,  and  on  »ouie  neighboring  inlands ;  uUo,  according  to  Whitney, 
at  vaiivoa  points  in  the  Coast  Range  In  Oalifornin  and  along  the  foot-billa  of  the 

Siorr  i  X(.  \  aihi,  from  ri;u-pr  county  to  ?!i  i  tii  :  they  contain  bed*  of  conl  on  Van* 
couver's  Island  and  in  Califurnia;  part  ot  the  California  roeks  are  metamorphie. 

Aa  tbo  Crctaeeons  fonnatlon  is  most  Adljr  ropfMontod  la  Um  region  of  tho 
Upper  Missouri,  a  detaOod  seotioB  of     by  Meek  A  Eaj^n,  is  hsra  givoBt  ba> 
ginning  below: — 
1.  Banusii  CwrrACsoos. 

L  Ikdbatm  group. — Yellowish,  reddish,  and  whitish  sandstones  and  clay% 
with  lignite  and  fossil  Angiospermous  leaves :  thickness,  400  feet.  Lo- 
eation,  near  Dakota,  and  reaohing  southward  into  northeastern  Kansas. 
This  division  may  require  to  l>o  united  with  No.  2  (M.  A  H.). 
2.  Btruton  tjrmip. — Gray  laminated  clnyc,  with  some  linic«lonc:  thickness. 
800  feet.  Location,  near  Fort  Benton,  on  the  Upper  Mi-<»ouri,  also  below 
tbo  Oreot  Bend ;  eastern  slope  of  the  Rookj  Mountains. 
X  yiohram '/  ■otiji. — Grayijh  calcareoH*  mnri :  fhioknes!*,  200  feet  Loea- 
tion.  Bluffs  on  tho  Missouri,  below  tho  Ureal  Bend,  ic. 
S.  LATStt  Crbtacbovs. 

4.  Plrri-e  tjrfiiip. — Plnstic  clays  :  thicknc??.  700  feet miiMlo  part  barren  of 
fossils.  Luoatcd  on  tho  Missouri  near  Great  Bend,  about  Fort  Pierre 
sad  oat  to  the  Bad  Lands,  on  flage  Creek,  Cheyenne  River,  White  RIvor 
al  n  o  ihe  Bad  I.nndo. 
&.  t'uji  JlitU  gntnp. — Uray  ferruginous  and  yellowish  sandstones  and  are- 
naoeovs  days:  thlekn«o%  600  Aet.  Location,  Pox  Hills  near  Moraaa 
River,  above  Port  Pierre  near  Long  Lake,  and  along  the  base  of  Big 
Horn  Mountains. 

In  New  Jermgr,  tkn  bads  and  tbeir  relations  to  those  of  Nebraska  am  tbns 
•tatsd  by  Meek  A  Haydea  from  the  ob<iervations  of  G.  11.  Cook  :— 

I,  BanUBR  CnETACEors  ?. — No.  1  ?  Bluish  and  gray  clays,  roicoccnna  sand, 
with  fossil  wood  and  Angiospermous  leaves :  thickness,  130  feci  or  more. 

S,  Latu  CnBTACEOVS.— Nos.  4  and  5.  (a.)  Dark  clays  (130  feet),  overlaid 
hj  (ft.)  the _/?(•»<  bed  of  OrrrM-»fTiirf,  50  feet  thick.— No.  5.  ia.)  Sand  colore<l 
by  Iron,  60  to  70  feet;  (6.)  socond  bed  of  OittH-mtd,  45  to  60  feet; 
(e.)  yellow  Umestoaob 
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In  Alabama  Ihe  furmntinn  eonaiat<  of — 

1.  JSarlibk  CRBTACKooit  ? — No.  1?.  Onrlt-blM  and  notUed  •hales  or  cbjf 
with  onlj  Tegvtablv  rmBaini ;  tOO  foot  or 

2.  T,  vTrii  CuKTAi  Kors. — No.  4.  (n.)  (Jrayinh  nnd  yellowish  snnd,  often 
oblitjueljr  luminateil ;  la  feet.  (6.)  Qray  sand,  with  fooiU  ihells;  6  f cot.  (c) 
Loom  white  Mod,  wttb  •holU ;  45  ftet  Ho.  S.  (a.)  Soft  white  liaiiMoBO^  wilk 
■holb;  Croat,   (ft.)  Dark  limestone ;  4  fcot.  (Winohell.) 

In  ToJCoa  tho  hoda  ooaabt  maiDljr  of  oompacl  limeatone,  and  the  larger  part 
aio  of  tho  X«rt(r  OntaeooM.  Shuoard  glvoi  tho  IdlowlBf  nhdlrlaioDa:— 
Marly  finy,  l.iO  feet,  overlaid  by  nrenncciiuK  beds,  80  feet  (No*.  1  »nii  2). 
(a.)  t'aprulina  liiuci-toDe,  containing  O'bilolina  Trxuna,  elc,  66  feci;  {i>.)  Uiue 
■Oil,  M  foot;  (r.)  Washita  Umestune,  100  to  120  faot  (No.  3).  (</.)  Anatia 
liuflatona,  100  tu  120  feet  (No.  4).  (c.)  Canuaoho  Peak  Ofwip.  MO  to  4M  tet; 
(/.)  Caprina  limentone,  60  feet 

Other  localities  of  tho  roeks  of  tho  several  f>ubdivision8  arc  as  follows 

Ho.  I,  at  different  pointa  in  New  Moxieo  (Newberry).  No.  2,  on  the  noitt 
branch  of  the  Saskatchewan,  west  of  Port  &  la  Curne,  Int.  54°  N.;  in  X«» 
Mosko  (Meek).  No.  3,  over  the  region  from  KanKU"  through  Arkansa*  to 
Tosm;  ia  tho  Pjnmid  Moontida.  Nai.4,  io  Britiab  Amcrioa,  on  tho  Sa*- 
kntohowan  uni  Anfaiiboino;  on  ToMoam  Ddnad;  8noin  Iilaadi^  in  tho  fltdf 
of  Georgia.  No.  6,  nt  Deer  Creek,  OH  tho  North  PUtto,  and  not  idontUod 
MBth  of  thU.  (Mook  A  Uayden.) 

The  Oretn-wmd  tcrfa  of  New  Jonoy,  it  ii  aoon,  bolouf  to  tho  latter  Crota> 
coons,  whilu  ill  RnropO  the  enrlier  nnd  the  later  Grcen-^unil  fiiriiiiiti  iii >  per 
taia  to  the  firii  in^  of  the  Cretaceous  period,  the  part  not  jret  known  to  be 
ropreaentod  in  Aaoriea.  Tboio  Oroea-oand  tads  ara^  fhoiofon^  not  eoaCotd 
to  a  p.'irtioiiliir  epoch,  aad  of  Intf  h  ive  been  Ihaadtooooar oraa  ia  tho Pldso- 
toie,  and  to  be  in  progroil  la  oxisting  seas. 

Tho  graoa  gralaa  (oallod  nloo  OtowoRtte)  ooaalat  of  aboat  60  por  coot  «( 
silicn,  2"  to  25  protoxyd  of  iron,  8  to  12  pot.Tsh  and  ooda  (mo»tiy  potiub 
and  7  to  10  water,  with  also  a  trace  of  phosphate  of  lima.     For  analyee». 
§00  natiior'o  Troatiao  on  Miaornlogjr. 

The  f^lauexnite  f>f  the  Chnlk  difrer:<  frntii  tbnt  of  tllO  LOWOT  Bllailfla  lodt* 
of  Canada  (p.  176)  in  containing  no  alumina,  the  latlor  boiag  a  hydfoai  lIK- 
catc  of  alaniaa  lad  proiMtyd  of  toon,  with  aboat  8  por  ooaL  of  potiah. 
(Unnt.) 

n.  Life. 

1.  ri.m/x. 

During  the  Cretaceous  period  there  was  a  great  change  in  the 
Tegetation  of  the  American  oontinentB.  The  Qjroadi  of  the  TiriaMie 

ainl  .Trira^sic  wnro  aroompanied  by  the  firxt  of  the gttat  nwHlrm  group 
Angiotpcrma, — tho  claiw  which  includes  the  Oak,  Maple,  Willow,  and 
the  ordinary  fruit-trees  of  temperate  regions, — in  fact,  all  plants 
that  have  a  bark,  excepting  the  Conifera.  Xore  than  one  hundred 
apeoiea  have  been  ooUected,  and  half  of  them  were  allied  to  troao 
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of  Olur  own  forests, — the  Tulip-tree,  Oak,  Dogwood,  Beech,  Poplar, 
WilloWt  Alder,  Button-wood,  and  SeanAas,  or  the  genera  £(riMlm> 

tiron  (fig,  747),  Querojs,  Cornus,  Fagus,  Pcpuiut,  SaUx  (fig.  749),  Alnus, 
PlaUinus,  S'lssfi/nis  (fig.  7-Ui),  Liquufambar,  Taxodium,  etc.  Those  spe- 
cies have  been  collected  in  New  Jersey,  Alabama,  Nebraska,  Kansas. 
New  If  esifio,  and  Vanooover's  Island  on  thePadflo  (Newbeny),  and 
mainly  from  the  earliest  or  Dakota  group. 

Besides  Angiospcrms,  there  wore  !»l«o  tho  first  of  the  Palms.  It  is, 
however,  still  questioned  whether  any  American  Cretaceous  speci- 
mens of  this  tribe  have  been  fimnd.  Fossil  palm-leaves  of  the  fim- 
palm  kind  (genus  Sahat^  are  met  with  on  Vancouver's  Uland,  in 
deposita  whioh  have  been  pronoimoed  to  be  Cretaceous. 

Pig.  lAd.  S'li^a/rtm  frrtrtreitm  Xcwhcrrv,  from  the  Dakota  BTOup,  along 
witll  the  three  following  (Meek  Jt  ilayden):  fig.  747,  Liriodmuiron  Mttkii 


Hcwbsfiya 
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Largo  vtuinps  of  Cycadi  have  b«cn  found  in  Maryland  near  Daltimore :  one  i< 
12  inchc*  in  diameter  and  15  high.  (P.  T.  Tysun,  who  obMrrea  that  they  may 
be  Upper  Juraisic.) 

2.  Animals. 

Among  Protozoans,  the  group  of  Khizopods  lias  a  special  ini- 
l)ortance  in  tin*  (  "retacoous  poricKl.  They  are  abundant  in  many 
of  the  beds  in  New  Jersey  ond  other  Cretaceous  regions  of  North 
America,  though  less  (^o  tlian  in  the  chalk  beds  of  Kuroi>e.  In  one 
genus,  OrbitoUna,  the  »peri<>s  are  dL«k-shaped  (fig.  7')0).  and  closely 
resemble  in  form  some  of  the  Nummulites  of  the  early  Tertian-. 
Sponges  also  arc  a  common  fossil,  although  little  known  thus  far 
in  Ainei  iea. 

In  the  sub-kingdom  of  Mollusks,  the  more  characteristic  genera 
of  Conchifcrs  arc  the  three  of  Uysters,  Ostrea  (fig.  ".>;»),  Gn/phxa 
(figs.  755,  750),  and  Kro^i/ra  (fig.  754)  (species  of  which  occurred 
in  the  Jurnssic  perio<l,  but  are  more  common  and  larger  in  the 
Cretaceous),  and  Inoecramus  (fig.  757),  a  genus  related  to  Avicula 
and  Mytilus,  some  species  of  which  aro  of  great  size  and  have  the 
•surface  in  undulations.  Krogyra  and  Inoecramus  end  with  the  Cre- 
taceous, and  but  one  Grypfuca  is  known  afterward. 

Another  group  characteristic  of  the  Chalk  period,  and,  moreover, 
not  known  after  it,  is  that  of  the  ItuJisUs  (figs.  782-7S4).  It  includes 
the  genera  Jiippuritcs,  Jtat/ioiihs,  Sphrrulitct.  ond  a  few  others.  1I>}>- 
puritca  has  a  long  txipering  form  (fig.  7S2),  somewhat  like  a  nearly 
Ftraiglit,  but  rude,  horn  with  a  lid  on  the  top,  the  lid  being  the 
upi>cr  valve,  and  the  conical  portion  the  lower.  Within  there  is 
a  Bubcylinthieal,  tapering  cavity,  having  one  or  more  projectin); 
ridges  on  the  sides  running  the  whole  length.  Fig.  7><2a  shows  the 
interior  of  one :  there  are  two  prominent  ridges,  but  one  is  only 
partly  free  in  the  interior  space.  The  other  genera  have  a  similar 
anomalous  character,  but  differ  in  the  interior.  Fig.  7><3  repre- 
sents the  Ii<l  or  upper  valve  of  a  Itadiolites,  showing  the  projiftionj 
below  (A,  c)  to  which  the  muscles  closing  the  lid  are  attached;  and 
fig.  7H4  is  the  same  in  SphervUus.  The  Rudistes  are  supjKwed  to  be 
related  to  Chnmn  among  the  Dimyary  MoUusks. 

Of  Cophalopmls,  there  are  in  the  Cretaceous  beds  numerous  At»- 
monitei  and  JJcfcmniies.  Some  of  the  Ammonites  from  bt^yond  the 
Mississippi  are  over  three  feet  in  diameter.  There  is  also  a  multi- 
plication of  other  genera  of  the  Ammonite  family,  the  shells  of 
which  are  like  Ammonites  more  or  less  uncoiled  ;  as  SraphUrs  (figs. 
7GG,  7G7),  from  scap/m,  n  ImmI:  (^rlftceras  (fig.  780).  from  k^oc,  a  nm't 
horn;  Ancj/loceroi  (fig.  787),  from  ayKv/ti),  a  hook  or  hatuUe :  Hamite*, 
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(fig.  788),  from  hamut,  a  ktokt  Throeenu  (fig.  789),  from  ivfov,  a  hmt 

BatuSin  (fig.  768),  from  haeulum,  a  waUdng-atiek.  Turnlites  (fig. 
790)  is  another  form,  unlike  otlier  Ammonitids  in  being  a  tnrrotfd 
•piral.  Another  genus  resembles  un  opened  spiral,  and  i»  culled  IleU- 
flBomt.   Among  theM  gen«r»,  only  AmmmUet,  SeaphUt*,  AMjfbemu, 

JhmiHif,  POjchoceras,  B<iri((ili.f,  Turrifitrs,  nntl  Ilfliroccrax,  hnve  hr^n 
found  in  American  Cretaceous  rocks.  Baevluct  ovatus  (fig.  76ii) 
attains  a  length  of  a  foot  or  more,  and  a  diameter  of  2|  inches, 
and  .Sr.ipkUet  Cbfinufi  (fig.  TOG)  a  length  of  six  inches.  Awcj^oemia 
And  ToxoccTos  occur  fir!*t  in  the  European  .Tunissic. 

Among  Vertebrates,  there  is  the  first  appearance  of  several  pro- 
minent modern  groups,  nuurking  grand  steps  of  progress  in  the 
life  of  the  world. 

1.  Common  or  Osxems  Fixhrs,  or  Triiost/t, — the  tribe  which  includes 
Dearly  all  fishes,  excepting  Cianuid.s  and  Sharks,  and,  consequently. 
Marly  all  edible  species.  Their  distinguishing  dmrtoteristies  are 
mentioned  on  jmgc  27H. 

2.  True  ijrocodilut  in  the  class  of  Reptiles. 

8.  CetaeeuM  or  Whales,  in  the  diss  of  Mammals. 

Besides  these  marks  of  progress,  there  are  many  other  new 
genera  of  Fishes  and  Ue[>til<  <. 

The  Sf/ualodonts,  or  modern  tribe  of  Sharks  having  teeth  with 
sharp  cutting  edges,  besides  other  peculiarities,  are  greatly  multi- 
plied. The  new  tribes  do  not  displace  the  Cestracionts  and  Ga- 
noids, tvhieli  continue  to  be  common  until  the  close  of  the  Creta* 
ceous  period,  and  blill  have  some  representatives. 

Figs.  772,  773.  represent  some  of  the  Sharks'  teeth.  Fig. 
773  are  pavement-teeth  of  a  fish  of  the  old  Cestraciont  group, 
pertaining  to  the  genus  Ptjfehodu4t  characteristic  of  the  Cretaceous 
period. 

Beyond  the  Mississippi,  remains  of  Reptiles  hare  been  found, 

and  both  there  atvl  in  New  .lersey  bones  of  a  colossal  Lacertian 
Reptile  of  the  genus  Mosataunu.  These  Reptiles  are  supposed  to 
hare  been  web-footed  and  aquatio  in  habit,  while  at  the  same  time 
carnivorous.  The  tail  was  flattened,  lon^.  and  ])owerAil,  and  thus 
fitte<l  for  srullin^r  through  the  water.  Tlic  New  Jersey  species  was 
24  feet  long.  Another  large  Reptile,  liudrosuurua  foulkU  Leidy,  is 
related  to  the  Iguanodon  of  the  Wealden,  and  was  probably  25 
feet  long;  its  remains  were  found  near  Haddonfiold,  X..J. 

Bones  of  Whales  also  occur  in  the  New  Jersey  Cretaceous.  They 
are  the  earliest  species  yet  discovered  of  this  tribe  of  Mammals. 
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Characterittie  Speeiet. 

1.  PrOtOBOaBB. — Rhitapod*. —  Tfxtilariit  ifi»»ot<rien»{»,  T.  glahvlota,  Pla- 
Htro»toinum  tctiarium,  Itotalia  leHlieulina,  R.  tenaria,  Ommmottomum  pkyilodn, 


Pigt.  760,  751  A,  B. 


61 B 


RmtOPOD.— Fig.  780,  Orbltolina  Tcxnn*.    BBArmoiwDS.— Fig.  T61  A,  Terebratalln*  pitcaia; 

761 B,  TarabratoU  UarUsU 

from  the  Cretaceous  of  the  Upper  Miisourl,  identified  by  Ehrenberg ;  Crui*!- 

taria  rolitlata,  Deittatina  pulchra  Uabb,  etc.,  from  New  Jersey  ;  fig.  750,  Orbiiif 
Una  Texana  Ruomer,  from  Texas,  a  species  having  the  form  of  a  disk,  slightly 
oonical. 

2.  Radiates. — (a.)  Polyp-Corah.— A$lro*itnia  Saneti-Sal»  Roemer,  Texa*; 
JfonllivaiiKi  AthtHiica,  New  Jersey,  etc. 

{h.)  EckiMrxterm*. — Holntter  timplex  ;  Anauchi/tet  eineim,  Toxatter  «ltya*> ; 
also  species  uf  Diadema,  HemiaMter,  Holecti/pttt,  Cypho*oma,  etc. 

.3.  ICollnsks.— (n.)  Brifotoau*. — Numerous  species  haTe  b«en  deKribed 
and  figured  by  Gabb  A  Horn,  of  the  genera  iltmbrauipora,  Flutirtlla,  E*dka- 
fiporn,  B>jlu$trn,  etc. 

(h.)  Briiehiopofl»,—Fit(.  751  A,  Trrrbi-oiuHua  plientn  ;  fig.  751  B,  TVrsfcmtata 
Htxrlani  Morton,  fruiu  New  Jersey;  Limjida  uitida  M.  k  U.,  Nebraska. 

(c.)  CuHi-hi'/rrt, — Fig.  753,  0*trtn  Litrrn  Lamarck,  found  al?o  in  Eumpe;  0. 
etiHt/ett'i  Ctinrnd,  from  Arkan^ns  and  Nebraska ;  fig.  752,  ExtMjym  arirtina 
Roeucr,  from  Texas;  fig.  75'l,  E.c^ittnta  Say,  from  the  Cretaceous  of  the  Atlan- 
tic and  tiulf  borders;  fig.  755,  Orifphttn  »e»ieulnri»  Lamk.,  at  nearly  all  North 
American  localities,  and  also  a  European  species ;  fig.  756,  O.  Piteieri  Morton, 
from  Cretaceous  region  west  of  the  Mississippi  River;  fig.  757,  luoceramHt  pro- 
bUmaiicHu  Schlotheim,  frum  west  of  the  Mississippi,  and  also  a  European  species. 
Among  Rudistes,  Radiidiln  Au»tinrHi>{»  Ruemcr,  a  species  five  tu  six  inehea 
in  diameter,  from  Alabama,  Mississippi,  and  Texas;   RadioliUt  lam<lloni 
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Tuomej,  from  Alnbama ;  JfippHrile*  Texan**  Rociuer.  a  ip«cies  eight  inches  long 
and  fuur  in  diameter,  from  Tcxaa;  Caprotina  Trxaun  Koemer,  from  Texas. 

Figs.  752-767. 


ntWIllim    ri)j.  T5J,  F.x.iKj  ra  «ri<  titia;  753.0«lrea  Larra ;  754,  Exoj:> 'h  . . -.tiitn ;  756.  Gry- 
pluM  VMicaUrU;  766,  U.  Pilcberi;  767,  luoctiramua  ptul>Umaticu». 

Pig».  758-764. 


SitnaaNM.— FIr.  7611,  Fn«ui  Newberryl;  760,  Faaclolaria  borcinaldc*:  760,  Aporrhnlt 
Amerkana;  761,  Margarita  Nfbra«c«ii*l« ;  762,  N*riu»a  Toxana;  763,  764,  Bulla  »iM'cioHa. 
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Pig».  765-770. 


ClPB*U>ro»».— Fig».  7<ia,  7(15  «.  'liVtlt,  Amiiionit«>  PlHc«<iita:  "««,  Scaphltoi  Ounradi ;  761,  S. 
■•rvR-foniiU:  TCS,7C8a,  BnruUte*  ovnlus;  700,  8«clluu  of  B.  coro|irp«a*.  rmhiced:  770, 
Nautilaa  Drkayi. 
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{d.)  Oatteropodt.—T'ig.  758,  F»iu$ Stwltrryi  M.  k  TI.,  from  Nebraska;  flg.  759, 
Fatciolariu  hu<x\noide*  M.  d  11.,  from  NcbraslcR ;  flg.  760,  Aporrhni*  Amerie<tHa 
i  =  Ro4tellaria  Antericoiia)  E\uu:i  A  Shuiuard,  lri>iu  Ncbnuka;  fig.  761,  Mur- 
gnriia  Sthra*ecHii»  M.  it  H.,  from  Nebraska;  fig.  702,  SiriuKn  Tejrnua  Itoemer, 
from  Texas;  N.  Arn»  Rociaer,  fruin  Texas;  figs.  76:(,  764,  BnUa  tptcioaa 
M.  k  U.,  from  Nebraska. 

(f.)  Crpkalopndt. — Fig.  765,  AnimoNi'lt*  Pl'ieeiila  Dekay,  froui  Atlantic  border, 
(iulf  border,  and  Upper  Missouri,  young  specimen,  natural  size:  fig.  765  a,  out- 
line eidc-vicw  of  the  same,  reduced;  fig.  766  6,  one  of  the  septn  of  the  same, 
nataral  site;  fig.  766,  Sctiphiten  C'ourudi  Morton,  Ctoiu  tho  same  lucalities  as  pre- 
ceding; fig.  767,1^.  UtrrwformU  M.  k  II.,  from  Nebraska;  fig.  768,  Bacnlilf 
uraht*  Say.  from  New  Jersey  ;  fig.  768  o,  outline  of  section  sbowing  oval  furm  ; 
ig.  769,  outline  of  section  of  D.  c'-inprefM  Say,  Upper  Missouri;  fig.  770,  A*ni(- 
'iVm  Dtkni/i  Morton,  from  the  .\ttnntio  and  Gulf  borders,  and  west  of  the 
Missiwippi  from  Texas  to  Up|>cr  Missouri,  and  also  reported  from  Europe, 
CUli,  and  rondichcrry  iu  tho  East  Indies.  Fig.  771,  DtUmuittHa  nucrouata 
Schlotheim,  same  U.  S.  distribution  as  preceding. 

Fig.  771. 


CapBALoroD.— IkilcmDllclla  mucrooato. 


4.  Vertebrates. — (n.)  FUhe*.—F\g.  772,  Oindn*  appendicHlntui,  from  New 
Jersey.    This  genus  Otodit»  (of  the  tribu  of  Squulodonts)  is  near  Carcharodon, 

Pigs.  772,  77.1. 


8qt'Mopo:<T  SiLACfUAN.— Fig.  772.  Otodua  aptK'tiiliruliitus.    CiuTRArioxT  Sclachiaji.— 
Figs.  773,  773  u,  l>t)'cli<.>du»  Mi>rtuiil. 

bnt  the  teeth  have  a  smooth  margin  without  dcuticulations.  Ozyrhinn,  an- 
other genus  of  this  period,  is  like  Otodii-"  in  thi.n  respect,  but  wants  the  small 
lateral  teeth  There  were  also  spcctei  of  Ijiimna,  (ho  teeth  of  which  are 


1 
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Dirrow,  in  fig.  465,  pAj^o  277.  Figs.  773,  773  n,  different  ticwi  of  a  tootb 
of  PtycKodm  .Vortoni  (Cettraciont),  a  specie*  found  in  New  Jersey. 

(t.)  Rrpiife*. — Motataurnt  Xlcucimitiani  Goldfuii,  from  New  Jeney,  a  speciM 
24  feet  long:  a  fine  specimen  of  the  cranium  is  in  the  Museum  at  Bonn  in 
Prussia.     Fig.  774,  Crocodiliu  clacirottrit  Morton,  from  New  Jersey :  whole 


Fig.  774. 


Cnicodilu*  rUrirostris  (  X 


length  of  skull  (in  specimen)  23  inches,  greatest  breadth  12^  inches.  Owes 
bus  named  two  other  New  Jersey  ('rocfutilt a,  C.  hnti/nnn  and  C.  ba»itrHmeattu. 
Kemnins  of  the  Gtosnur,  according  (o  Morton,  occur  in  New  Jersey ;  also  bones 
of  ThrtU: 

(r.)  Mnmmnli. — Cetaceans. — Pn'tcodelphiuHt  yrandtrvH*  Leidy,  and  P.  Hat- 
luui  Lcidy,  both  ftuiu  New  Jersey. 

in.  FomUs  oharaoteriatlc  of  the  Sabdi^lalons  of  tli«  Creta- 
ceous. 

A.  Eaklier  Cnp.TACEors. — No.  1  (Dakota  group).  Upper  Missoari:  Pka. 
rtUaf  Dnkoleniit,  Arinrra  Siouxeu»i;  Cyprina  nrtnaria,  Ltavtt  of  Auyio- 
»fifrm*,  Alabama:  Crratiltif  Amtricaniu  Harper,  Ltavt*  of  Antjiotptrm*. 
New  Jersey  :  Ltav**  of  Antjionptrm*. 

No.  2  (Benton  group).  Upper  Missouri:  Inocernmnt  prohltmatieu;  I.  wm- 
houatH*,  0$tren  cmijettn,  Phofndomyn  pnpyraeea.  Ammonite*  ptixariMalHi,  A. 
retpertiHui  Morton  (=<A.  Texanus  Rormey),  Srapkitet  laremformi*.  Texas: 
Ammonite  percariaalnt,  iHoeetamttt  Capiiln:    New  Jersey  :  none. 

No.  3  (Niobrara  gnmp).  Upper  Missouri:  Ottren  cnH<je*ta,  Inoceramm  pro- 
birmatiem,  /.  nvicHlo{d<»,  I.  pnttuio-mytiioidti.  Arkansas :  TrtJcniter  elryam$, 
Bolailer  timpUx,  Cnrdium  multiitrititHm,  iHocrramnn  problemalictu,  I.  confertim' 
annulatnt,  Gryphwa  Pitchtri.  Texas:  HolnHrr  limplrr,  Epintier  rlrgnH;  Cidnrit 
\rmigra»o»u»,  Oryplura  Pitcheri,  0*trea  tuhofatn  (0.  Marsbii  Mnrcon),  luocframiu 
problematieu*,  T»rrilitt$  Browtntii,  Ammonitci  Ttxanui,  Hnmittt  Frrmomti. 
New  Jeney :  none. 
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H,  Latkr  CRKTAcrors.— Xi«.  4  f Pierre  group).  Upprr  Missouri:  NaulilHt 
I/tkagi,  Aiumonitti  Plnctnta,  A.compltjrit*,  BacMlile*  ovatH$,  Ii.eompre*»n»,  Htli- 
I'Miwi*  Munmtt,  faoeenmm  mMmrhf  MoMimmrm  MiatotirieiMi*,  jUab«ii»: 

In  bed  a,  Tertdo  tihiulh  '  ;  in  bed  h,  Fj-.,<i>frii  mtfutn,  Oryphira  ve${enlari0, 
Imoetramtu  biformu,  PtcttH  b-cuatatu;  Muntilm  Dtkai/i,  Ammonittt  Plactnta, 
A.  DtlmwartHtU,  Aw«(ftw  oMlm;  in  bad  (hlrttt  Lwnta,  Offjfikmm  fatmtlit 
(6.  Vomer),  Xtlthta  Mortoni.  New  Jcriiov:  Bel  -r,  A<iim«n!trn  Plneenla,  Baen- 
Ut«a  MPafM/  bed  If,  Amm.  Dtlamnrtntit,  A.  cvmpUj-M,  Bacnlitt*  otaitt*,  HautUtM 
iUbtff,  JMumtitdlu  mwroiMlH/  bed  «,  Tnthnaidnut  pliemta,  PMadamf 
imimMNf,  Omtm  larwu,  Or$pkma  ■M»o«lflrf%  AMfyra  to&Ma,  boBM  «f  JTom- 

No.  5  (Fox  Hills  group).  Upper  Minonri :  Him^tu  JMki]fi,  Awm.  /Yneciito, 
A.  lobalHt,  Setg^tHm  Conradi,  Bacnlile*  oeattu,  MotataurM  J/i"moi(i-iVi.»i'». 
Alabama :  Eroggra  eo*tata,  Grypkma  vttieijariat  Ifa»tilu9  Jiekojfi,  Baeulitta 
malm,  Seaphile*  Conradi.      N«w  Jamy:  JTottfllMlfffo  AtUaHeat  NnettoMm 

tnei/er,  Annnrhijim  o'tictn; 

G,  r*it{eulftri',  Xeithcn  MortOHt. 

The  New  Jersey  region  abounds  in  Oytltn  and  Exoggm,  has  MB*  Jatwan/fw, 
Baemlite;  and  Eeki»odemu,  bat  no  HippwrilM  or  CupriML 

The  Upper  Missouri  has  very  f'  w  Oi/Ktrr»,  no  Exoijyrm,  many  and  large  Am' 
wmtitm  and  BochUu*,  but  one  rare  Erhiooderm  {Heminnicr  Hmuphrejf9iantu),  no 
BnBhiopod%  oxoept  two  IibigHlv,  and  no  Hippuritrn  »t  Coprinm, 

Iho  Alabama  resembles  the  New  Jer?cy,  and  the  Arknnitas  the  corre- 
■poadiag  or  middle  beds  of  Nebraska  and  upper  of  ^'ew  Jersey;  but  both  con- 
tain Hiffnrilet  and  BehimoHeniu. 

The  Texas  rc;;i»n  has  but  few  species  in  common  with  the  other?, — Ammomtt$ 
M^rliHM,  /Morci-xjuiM  latHtf,  and/.  Bar»liui,th9  latter  being  still  questioned; 
«ad  it  is  ohafBetorited  by  HippnrUt*,  Caprimm,  Neritum,  ote.,  liko  tho  Uppor 
Ghalk  of  fonthem  Europe. 

The  spamas  oommon  to  Nebraska  and  New  Jersey,  according  to  Meek  A,  ilay. 
dM^  ««  Nmatihu  Dehiyi,  ikaphiitt  Ontrudi,  AnmauiHt  PlaceHtUt  A.  tomphxM, 
A,  foMw,  AwaliiM  omKm^  and  Ammtmfth  paliidvutfi»mi$, 

2.  FOREIGN. 
I.  SooIb:  Idiids and dimtbalini. 

The  Cretaceous  formation  spreads  across  England  just  east  of  the 
line  of  the  Juraasio,  extending  north-northeastward  from  near  Port- 
land  on  the  Britislj  Channel  to  r'ambridpp,  and  tlicn  northward  to 
Flamhorouph  Hoad  on  the  German  Ocean.  Like  the  Jurassic, 
again,  it  reappears  in  northern  France  across  the  Britiah  Channel. 
It  also  ocenrs  in  other  partaof  Ffance,  in  Sweden,  and  in  Mmthern, 
cmtral,  and  western  Europe. 

The  rocks  are  (1)  Sfmdstone,  generally  soft,  and  of  various  colors; 
(2)  Marly  or  clayey  beds;  (3)  tho  variety  of  limestone  called 
Chalk,  the  eomuon  writing^naterial,  in  beds  of  great  thieknesB; 
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(4)  other  limestones,  either  loose  or  compact.  Among  the  mndj 

portions  the  Green-sand  beds  are  a  marked  feature,  especially  of 
the  lower  part  of  the  formation.  This  is  po  eminently  the  fact 
that  the  Lower  Crctaceoua  in  England  is  calleU  the  Green-sand, 
although  only  a  part  of  the  layers  are  green,  and  m  some  regions 
noneatalL 

.  The  Chalk  often  contains  Jl'mt  in  no<lules,  which  are  distributed 
in  layers  tlirough  it  like  the  hornstone  in  tlie  earlier  limc^^lones. 
They  are  more  or  less  rounded,  and  often  ai^sumo  fantastic  shapes. 
Sometimes  th^  resemMe  rolled  stones;  but  in  fact  all  are  of  con- 
cretionary origin.  The  exterior  of  the  nodules  for  a  little  depth 
is  frequently  white,  and  penetrated  by  chalk,  proving  that  they  are 
not  introduced  boulders  or  stone^i,  but  have  originated  where  they 
lie.  Moreover,  many  chalk  foasils  are  turned  into  flinty  and  it  it 
common  to  find  a  mass  of  flint  with  a  fossil  as  its  nudens. 

The  Cretfloaottt  beds  of  Europe  have  been  dividod  into — 

1.  The  Lower  Crelaefo>i$,  including  in  linglanil  ttic  f."irrr  Grrrn-»<it\r{,  800 
to  900  feet  Uliok«  and  in  other  regions  boda  uf  cla/,  uud  limeistune  sumctuue:* 


2.  Th«  STiddtf  CrttaecoiK,  including  in  Enpland  (")  the  clayey  beds  ormril 
called  Uaull,  l&O  feet  thick,  uud  (6)  the  I'piier  Green-mud,  100  feeL 

S.  The  CjifNH*  CrafoeMiw,  ladttdfaig  In  England  the  bed*  of  Chalk,  la  all  afcmrt 
1200  feet :  it  con.-'ists  of  (n)  the  Lower  or  Or»y  fVmfl-,  or  f'/ii</k  }frtrl,  without 
flint;  (6)  the  White  Chalk,  ooDtainiug  flint;  (c)  the  J/aeHricht  txd;  rough  friable 
HmeitoM  at  Maertriobt  in  Dumark,  100  Ibet  thlek. 

The  sabdlrlslMU  <tf  the  Grslsosoas  are  Tsrioadj  asiMd  la  dlSBtent  parts  of 
Europe. 

XoMW  CfVfMeeeaa.— Snperior  Neoeomiaa  of  IVOrbigny  (the  Wealden  beiag 

the  lafitrior) ;  also  his  Aptian;  the  niU-con;;l<iini'nit  of  Ocrmanj. 

MiddU  CirfaceoM.— 1.  Oauit,  Albian  of  D'Orbigny,  Lower  Pllnerkalk  of 
Sszoay. — ^i.  f^jver  tfrmm-wadf  OeaoauMfsa  of  D'Orbigny,  Lower  Qaadanaad^ 
■laia  of  the  Oermani. 

Upptr  Crctaceou*. — 1.  Orag  Chalk,  or  Chalk  without  fiimU,  Tnronian  of 
D'Orbigny,  Hippurite  Limeatone  of  the  Pyrenees,  Upper  PlUnerkalk  of  Saxony. 
2.  White  Chalk,  or  Chalk  with  jlintii,  Senonian  of  D'Orbigny,  Upper  (juader- 
inndMcin?  nT  the  Qcnnans,  La  Scagliiv  of  the  Italian ».  3.  Momtrickt  btd»t 
Danian  uf  D'Orbigny,  Calcairc  pisolitiquc  near  Paris. 

In  North  America  the  Earlier  Cretaceou*  corresponds,  according  to  Meek  ft 
Uaydcn,l/i  the  iiifi'tior  divi^inn  of  the  I'piior  Crpfnccdus  of  Europe,  or  the  (Jray 
Chalk,  with  perhaps  part  or  all  of  the  Middle  Cretaceous;  and  the  Later  Crtta- 
«0m»,  io  the  snperior  dlvMoa  of  Cbe  ITpper  Cretaeeous,  or  the  White  Chalk. 

In  minoral  charnctcr  the  lied-*  of  each  division  vary  much  over  Europe,  tbs 
Chalk  of  England  being  synchronous  with  marls  and  solid  limestones  in  Europe. 

The  CreCaeeoos  of  Great  Britain  l>  not  fiHrad  en  any  part  of  the  Attaatle 
coast,  exceptinf;  »  iimall  umi  in  the  vicinity  cf  tho  Gi;int-'  CHUfseway.  The  l>cd* 
of  northern  Fraooe  spread  eastwiurd  over  Belgium  and  Westphalia,  bnt  not  ts 
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the  Atlantic  on  the  west;  but  farther  south  they  (.ccur  ftt  the  deep  indentatioii 
id  tlw  Bajr  uf  liucajr.  They  oov«r  part  of  tb«  I'^rt-noes,  and  roaoh  into  Spain 
•in  vkat  bat  baaa  oaUW  tlia  /^rraMOM  Aatt'*,  which  In  th»  Cn^MOv*  period  wai 
a  bay  on  the  Atlantic.  There  is  another  .icii-borrlcr  <lepo.«it  ot  Li>liitn,  iu  Si>ain. 
la  Mutbern  France^  over  wbal  u  called  the  J/edittrruHtan  baaiu,  the  bcdji  ex- 
tend from  the  Onir«r  Ljroiu  along  the  Medlterraoean  eoest,  nortbeaet  to  Swit- 

Wriaady  tbouj^h  with  intprnij)!!"!!-!.  The  fi-rnintinn  is  foun<l  iti  the  Jurn^  an'l 
Alpe,  la  Italy,  Savuy,  Saxuny,  Wextphulia  and  lioheinia,  northern  Uermany, 
Poland,  middle  and  aouthem  Russia,  Q recce,  and  other  plaeea  in  BwopOk  la 
Alia  it  baa  been  observed  about  Mount  Lebanon  and  the  TUml  the  Cauca- 
nu,  in  Circoiisia  and  Georgia,  and  eLscwhcre;  in  northern  ami  ;uulbcrn  Africa; 
in  South  America,  along  the  Ande.-i,  and  on  the  Pacific  coast,  occurriag  In 
Veaesuela,  in  Peru,  at  Concepeiuu  in  Chili,  in  the  Chilian  Andes  at  the  passe* 
of  the  PortUIo  and  Bio  Voloan  at  an  elevation  of  MOO  lo  14,000  feet^  in  the 
Siratta  of  MafeMaa  at  Foft  Vamino  In.  Fnegin. 

n.  zdfii. 

Tlie  Life  of  the  Cretaceous  periotl  in  Europo  reseniMed  that  of 
America,  but  wa»  far  more  abundant.  Nearly  6000  species  of  ani- 
mals have  been  deacribeU,  more  than  half  of  them  Mollusks; 
vhoPMB  in  America  the  whole  number  does  not  exceed  2000. 

Angiosperms  and  Falm.s  were  growing  in  Europe,  and  among  the 
former  there  were  the  Willow,  Walnut,  Maple,  and  Holly.  But 
the  relics  <rf Fenu,  Conifers,  and  Cycade  greatly  pr^Mnderutt  fo: 
the  Cretaceous  was  jiroperly  the  closing  part  of  the  era  of  CyctKia. 
Vegetable  remains  of  all  kinds  are  rare,  ati  tlie  deposits  are  marine. 

The  mioroeooiuo  Frotophytee  celled  Diatoms  and  ]>ennida  are 
found  in  some  of  the  beds,  especially  in  the  flint  of  the  Chalk. 
The  former  have  siliceous  cases,  as  exphiiiunl  and  illustrated  on 
p.  271,  and  they  may  have  contributed,  as  has  been  suggested,  to 
the  material  of  the  flint  nodules.  The  Deemids  are  not  siliceous, 
but  are  still  very  common  in  the  flint, — far  more  so  tliaii  Diatoms 
(which  are  rare) :  the  kinds  which  have  been  called  Xanthidia  are 
especially  abundant ;  their  forms  are  very  similar  to  those  firom 
the  Devonian  homstone  figured  on  p.  271. 

2.  Aninidh. 

The  Protozoans  of  tlie  family  of  Khizopods  (p.  163)  appear  to  have 
been  among  the  most  important  rook-making  species  of  the  Ctatar 
ceous  period ;  for  it  is  supposed  that  the  Clialk  itedf  Is  to  a  large 
extent  made  of  their  shells.  According  to  fihrenberg,  a  oubio  inch 
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of  chalk  oft<>n  oontains  moro  than  a  million  of  microscopic  organ- 
isms, umong  which  fur  the  most  abundant  are  theso  lihizopods 
(called  also  Fonuninifera  and  PolythalmU).  Some  of  the  speeiM 
M«  represented  in  figs.  778-781. 

Tho  Sponges,  also,  were  of  groat  importance  in  the  higtoiy  of  the 
Cretaceous  rocks.  They  occur  cup-  or  saucer-shaped,  tubular, 
branched,  and  of  other  forms.   One  is  figured  in  iig.  777.  Their 

Fig.  7r»» 
9picaU  of  I^Mogaa. 

nilicpous  spirilla  are  common  in  the  flint,  and  have  contribaUkit  M 
well  as  Diatoms,  towards  the  silica  of  which  it  wa^s  made. 

Among  Radiates,  the  GoraU  and  Echinoids  are  mostly  of  modem 
tjpflf,  and  are  fiur  nuNre  numerous  than  in  the  Gretaoeoos  of 

North  America. 

The  same  genera  of  Mollusks  abound  that  are  enumerated  on 
p.  472.  But  the  variety  of  Brachiopods,  Gasteropoda,  and  Am- 
monites is  vastly  greater  than  on  the  American  continent.  The 
AmnumiteSi  and  the  uncoiled  forms  of  the  same  family  mentkmed 
on  p.  472.  are  particularly  abundant.  One  English  Ammonite 
(the  A.  Leioaiauis),  from  the  Lower  Chalk,  has  a  diameter  of  a 
yard. 

Tba  genera  of  Gasteiopods  are  to  a  greater  extent  modem 

genera  than  in  tin*  jn  t^rerlinpf  ])eriod,  and  the  proportion  of  siphon- 
ated  species  (having  a  beak)  is  nearly  as  great  as  in  existing  se.-u*. 
The  Rudiste*  (figs.  782-784)  are  very  common  in  southern  Europe 
and  Asia  Minor,  and  about  ^ghty  species  have  been  deseribed ;  oidy 
a  single  species — RadioUicx  Mortoni — ^has  been  found  in  EnglMid. 

In  the  sub-kingdom  of  Vertebrates,  there  are  Fishes  of  the  mo- 
dern order  of  TelioaU,  and  Sharks  of  the  modern  tribe  of  iS^uah- 
thmtt,  as  stated  with  regard  to  America  (p.  473).  One  of  these 
new  B^hes  of  tho  former  group  is  shown  in  fig.  791.  The  Salmon 
and  P<<rr'h  faTiiilies  arc  represented  among  these  earliest  of  Teliosta 
Cestraciont  teeth  are  very  common. 

The  class  of  Reptiles  in  the  earlier  part  of  the  Cretaceous  period 
included  the  Tguemodon;  both  then  and  later  there  were  three  or 
four  Plt'siosnurs ;  an  Tchthyosaur ;  another  swimming  Saurian,  called 
Poli/plychodon  by  Owen,  nearly  50  feet  lonp;  several  P(rr(vfni-fi/L<!,  one 
of  which,  the  P.  gigcuUeua,  was  6  to  7  feet  in  the  spread  of  its 
winp;  aJAMsmr,  25  Ibeilong  (fig.  792) ;  some  Turtles.   K»  tmo 


Digitized  by  GoOglc 


ORKTAOKOUS  PSaiOD. 


488 


CroeotKla  have  hcon  reported  from  Um  BaropeMk  i 
the  earliest  occurring  in  the  Tertiary. 
No  remains  of  Birds  or  Mammab  have  yet  been  discovered. 


vig.  nr. 


•nl   J.    *'/)  N  ?v  Ckaraeteristic  Species. 

"ILi'PmbOmOmam.—ia.)  Sponge.— Fig.  777,  Sij^kamlm  Mala,  ftoB  tb*  Ohalk. 
figi.  776  a  to  77S  k  represent  the  ailioeoaa  (pioola  of  I 
■f  th«  Tariou  fdnu  th»y  preMnt  Otw 
•M  hoadnd  ipcoM  nlatad  to  Spong*  oeei^ 
In  the  Cretaoeoag  strata  of  England.  Sci/phia, 
|4  VtHtriemlilf  are  th*  mora 
tlw  t^mttf  Mnne* 

nted. 

(<k)  JUtMp»e/«.— Fig.  778,  LilHoia  mautiloi- 

ni^Siii^  mmumi  >«yMa/  flf.  m 

fMfla  of  Kame.  Ftg.  780.  f'hrywi/irHna  gra- 
iMU,    Fig.  781,  6'itNeo/<na  Pavonia  ;  fig.  781  a, 

proflle  of  aaoM.    AD  are  maeh  aagniied,  the 
fpeciea  being  rery  minate,  not  exceeding  half 
a  line  in  length.    Other  genera  are  Rotalia, 
TntUuria,  Jfodotaria,  etc.    The  Chalk  formation  of  Biigtaad  has  aihf<e<  over 
••d  tmnty  qpwiM  and  betwem  twantf  and  thirty  gMMi%  and 


.n%XllBoI»  oautii.  idojt;  nta»fWMlltaa  mgaw;  TtOkChiyHlMiaa  gra- 


dau  i  781, 0,  Caaeollaa  parania. 


bP«oIm  ef  whkh 


among  them  two  .ipccics  of  the  geaos  Orhitaikim,  an  . 

k  repreaenu»d  in  fig.  750. 

2.  B*^|at—  I  (a.)  Poigf- Coral*. — Specie!  of  C'jfathina,Tr<Khocgathu*,  Tro- 
nkommkaj  PmmmOlmt  MkeiAatim  (Ihrmmtj  Ftogia),  eta. 

(h.)  Sehinnderm$. — Species  of  the  genera  Ananchytf,  Cidant,  DiadtmUf 
pko»oma,  Ilfmiaiter,  Cardnuter,  Galeritei,  Holaiter,  Micrattrr,  etc. 

.  3.  Molloaks. — (a.)  Brjfotoant. — Genera  Eichara,  Eichurinn,  Wiicn/arta, 
^fbutm,  Crieopora,  etc. 

(&.)  BraeJkiopod: — Numerous  apccios  of  T'ercArofiifaf  TafbnttMm,  T$t^ra^ 
ttUiua,  Rhg»dkontlla,  Crania,  Theciflia,  etc. 

(e.)  C!MMK(/kra.— Species  of  Qrt/pluta,  Efngyra,  Inoctrnmim,  (ierrillia,  Tn§4- 
\i  atoo  of  Oariinm,  AMtartt,  Otrdita,  OortuUa^  Imeardia,  Limit, 
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Cmttttrlla,  Cifprlnn,  Cgtkrrta,  Ve»Mt,  Lneiun,  Panopra,  Ariruln,  f*eHe»,  !feilkrit, 
Phulu;  Spottdyln;  TtUina,  Plirainla,  ond  inanjr  other  generm  of  cxistiiic  KU 

Fig«.  782-78S. 


CONCIIireiU,  R«di$trt  Family.— Fiit.  'VJ,  Iliiijiuritrii  Tonroaiuia* ;  'Sla,  11.  ailuUtu*;  TSX 
KailliilltcK  Dotirnuiil :  'H4,  SiihvrulUc*  Ilovuliigitbkual.  OAnnoroM.— 786,  Neriiuw  biaul- 
C«iit;  765  A,  AtvIIiuia  Ciiaaia. 

which  givp  n  tnndem  upcct  to  a  concholngical  ciibinet  of  the  Cretae«oni  period. 
The  g«neru  Craaiiatulla  and  Ncithca  cummFtioc  with  the  CbaJk.  Among  tbe»p«- 
cicfl  of  the  extinct  tribe  of  llndimUa,  flj;,  7is2,  HippuriU*  TiiHiraiianu;  from  tbr 
Tppcr  CretacFoua,  one  nf  (be  tnoKt  citiimun  speciest  uf  Kuathem  Europe;  ig. 
'X2n.  I{.  ilitittithiw,  vertieiil  view,  8h>>win);  the  iuterior  of  the  lower  conical  ralre. 
friim  the  L'>wcr  rret«eeou5  ;  fig.  7'<.'5,  Roiiloliif  Bouruoni,  upper  valre  in  profile, 
from  the  rppcr  Chalk  ;  fig.  7^4,  Sfihmililrt  Hurninyiknnn,  upper  valve  in  pro- 
file, from  tho  l  (>pcr  Chnlk  :  h,  e,  in  7S3,  784,  attachments  of  muscles. 

((/.)  (!aiteii,iMd». — The  extinct  genera  Nrrluirn,  AcltroHinn,  Artirimrlli,  Arei- 
/ffiai,  etc.  The  modem  genera  Strohbih.  Bimvcojt,  ^HreinHm,  Futiu,  Vo- 
I.I  TA,  0/iV.r,  F.\Rriot.AniA,  Ovi'I,.^,  rvr'R,»:A,  Tntchm,  Srriln.  Sntlea,  tlitra. 
('onnt,  IVriikium,  Bnlfu.  etc.,  shrtwing  a  striking  approximation  to  the  preMnl 
age  in  the  clo!<iug  period  of  (ho  Mc.toxoio.  (The  genera  in  small  capitals  *n 
some  of  thr>«c  which  rankc  thrir  firft  appearance  in  the  Cretnce<>u«  period.) 
Fig.  7S.'),  XrrniKo  l,!>nl,  i,tn  d'Archiac,  from  the  White  Chalk.  Fig.  785  A,  Avtt- 
l-iHti  C>i*»i»,  from  the  Upper  Urecn-iand ;  n,  outline  sketch,  ahowing  the  toothed 
aperture. 


Digitized  by  Gc 


CRETACEOUS  PERIOD.  485 

(e.)  CepAalopodi. — Tetrabranchs  (or  Tentaculirere)  of  the  Ammonite  and  N*a- 
tflue  families. — Fig.  786,  Cnoceran  Z)Mrn/n,  from  the  Lower  Cretaceuua,  Fig.  787, 

Pigs.  7SO-790. 


CtPOAiopoDB,  Ammonilt  Faniil}-.— Pig.  786,  Crioceraa  DutaIII;  787,  Ancylocenw  MMheroni- 
uim;  788,  Ilamile*  atteuuAtiu  ;  789.  Toxoceru  bttubfrculabu;  790,  Turrilitca  c&t«iiatiu. 


Aneylo<:rra*  Jfatheronianii;  Lower  Cretaceous.  Fig.  788,  /fa»»>lt»  atfenunttui, 
Middle  Crctaceoui«.  Fig.  789,  Toxoctra*  bilHbereHlalH0.  Fig.  790,  Tnrrilite* 
raltnalu;  Qray  Chalk.  Also  Baculitt*  (as  B.  auvrjn,  etc.). — Dihranohs  (Aceta- 
bulifers):  Bthmniulla  mucronata,  a  common  spcoiei  of  the  Upper  Cretaceous; 
also  species  of  BtUmnittt  and  Conoirtithi*. 

4.  Articulates. — Worms  of  several  genera.  Cmstaceans,  of  the  Brachy- 
Qral  genera,  Gin/tmi,  Puduphthalmnt,  P<iilupilitmnu»,  Arciiin'n,  S'lilnpiicitrgMtctf 
etc. ;  and  the  Macroural,  Scyllnrif,  Calliitiianio,  Palcea$(acM,  etc.  Of  the  triba 
of  Cirripeds,  Tubieinella,  Polticipe*.    Also  Oatracoids. 

5.  Vertebrate«. — (n.)  Teliott  Fi»*«.— Fig.  791,  Omeroide*  Lewetiftttin,  from 
the  Chalk  at  Lewes. — a  fish  of  the  Salmon  family  (Cycloid)  related  to  the  Smelt 
(genus  O^mrntt),  and  about  fourtei'n  inches  in  Icnpth.  Another  species  of  the 
grans,  from  the  same  beds,  0.  .VanteUi,  is  eight  or  nine  inches  long.  There  were 
other  Cycloids,  of  the  genus  Cliipen  (Herring),  etc.  Several  species  of  Btrtfx, 
a  genu*  related  to  the  Perch  (Ctenoid),  occur  in  the  Chalk :  one,  B.  Lewetieifi», 
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it  a  broad  fish,  six  to  twelve  inches  long;  another,  B.  tHperhut,  tometimes  thir- 
teen inchea  lung.    About  twentjr-five  genera  of  Cjcloids  and  fifteen  of  Ctenoida 


Fig.  791. 


Tkuost.— OsmcroldM  LewMlsnal*  ( X  Vi}< 

hare  thoj  far  been  recognised  in  the  Cretaoeoua.  Gauoitit  were  numerous  in 
apeciea,  of  the  genera  BtionnntntHHt,  Catnrni,  Lepidntu;  etc.,  besides  others  of 
the  Pyonodont  fiimily,  PyenodHt,  Gyrodu;  etc.  Shnrks  of  the  Iljbodont 
faiiiilj  were  sparingly  represented;  Cestraoiont  remains  were  very  common,  es- 
pecially of  the  genera  Piychndu*  and  Acrodua.  Teeth  of  Squalodonts  are  occa- 
sionally met  with,  of  the  genera  Carchariu;  Lamna,  Orgrhtnn,  Odnnta^jtit,  etc. 

5.  HrptiUt. —  Fig.  792,  Motuiaumt  Hofniniini,  head,  from  the  Chalk  at  Maes- 
tricht,  one-eighteenth  the  natural  sise.    Other  remains  of  this  species  bare  been 


Fig.  792. 


MowiMuras  llofinanni  (X  A  )• 


found  at  Lewes  in  England.  In  general  character  it  is  related  to  the  Litards; 
but  the  short  and  stout  humerus  has  led  to  the  sug;;estiun  that  it  may  have  bcaa 
a  swimming  species,  and  therefore  a  wholly  new  type. 
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Lfiinlon,  Jiapktotanrui,  and  Contoratiru*  arc  other  penora  of  the  Upper  fre- 
The  genera  Ichtkjfotaunt*,  I'Uiio*auru$,  and  Fttrodactjfltu  reach  even 
fert9  tlM  Upper  CretMeou:  Ifma»o4om  oesnn  only  In  Um  Lnrar. 


Species  ^  wide  geograpldeal  tUitrUnUion. 
The  following  speeiM  an  reported  from  different  ooiitlBMlta  (BraaB):-> 


ihtrta  Larva, 
Orjffikma  vtttmtari; 

Bjtogi/ra  Ini'jnUt, 
Enggra  Botmitkgaidtii, 
Jaoeenmm*  CHtpii, 
/■oemiMiM  latHt, 
h»e9ramw  mylUaidtt^ 
Jfeithea  Mortoni, 
Ptrlru  rfrrnlautf 
Triifniit  liiiibntui, 
Triijoniit  aiijurmiif 
Tfipomia  fowym^ 

Ilijiptirifm  riri/<llli'«on9, 

A'critnta  bituleutti, 
Boemlitet  amitpt. 


N. A.;  Ea.;  India. 
N.  A.$  Bo.;  B.W.  Atfa. 

£u. ;  Columhiii,  g.  A. 
Eu.;  Coliunbia,  S.A. 
N.  A. ;  En. 
K.  A. ;  Eu. 
K.A.j  Ett. 

N.  A.;  Bit.;  India;  Peru,  8.  A. 
\.  A.;  Eu. ;  India;  Pan,  S.  A. 

N.  A. ;  Eu. ;  India. 

N.  A. ;  £u. ;  S.W.  Asia;  Columbia,  S.  A. 

Bo.;  CotaaUa,  8.  A. 

En.;  S.W.  A!>ia;  Pern asd  Ohill,  8. A. 

N.  A.  (TeXB«);  £u. 

N.  A.;  En.;  OhiU,  8.  A. 

N.A.;  En. 


The  foUowing  Ammonitei,  Mcordinic  to  D'OrblgBjr,  are  omamon  to  Enrap* 

tnd  South  America: — A.  Hoijolenttn,  A.  Diimn»iani<i>,  A.  Diftfi;/'iiiH»,  A.  'jalcatn*, 
A.  ViimUeki,  A.  Tethif;  A.  prvlomja,  A.  aimpUx,  bcnidcs  others.  The  £«hina« 
IVkmmp  MMpfaiMf Ht  la  said  to  hav*  Um  smbs  nofo. 


lUlatioHi  Iff  the  K<trli,  r  and  loiter  Cretaeeout      America  to  the 

corrtspomiinj  divisions  of  Europe. 

The  following  tables  of  species  in  the  Earlier  and  Later  Crotacoous  of  Amo- 
fiaa,  ihowtng  tlietr  lelntloM  to  apeelM  of  tlm  «ORMpoDdI&g  diriiioM  in 
Barope,  nm  from  a  pnpw  ^7  Vimik  k  Hajrden : — 

Lowrr  or  Omy  Cbalk  In  Snropik 

occurs  in  Austria. 

prol»ablj  ident.  with  A.  Woolgari  Mantell. 
i«onrcely  di!<tinct  from  .S'.  mqtuUit  Sownrby. 
same  type  as  S.  irquali*. 
BMVMty  diatinet  htm  JV.  el^iw  8««wi»y. 
appears  to  be  the  same  ns  /.  tntH»  Mantell. 
waoot  be  distinguished  from  J.probltmuiicn* 
8eblot{  Nportad  alio  ftwn  the  Upper 
Orean-aaBd  of  Bnnipa. 

I  common  to  the  Later  Cretnccoas  of  Aiiu  rkn  ntnl  tho  Fpprr  or  White 
;  of  Europe  :—S<ii»ro«e/»A<r/««  laHei/ormi;  Lamna  ucHmiuata,  BeleniH'lella 
I,  AmIKco  JVerfoii^  Ottna  Larva,  Otfpkem  kMmlif,  Oegftmt  MtwM. 


Iwilcr  Cretaceons  W.  <if  R. 
Aminonitcs  vesperlinus  Jfort. 
A.  peroarinatni  B.  S  M. 
Scaphitcs  Warrcni  .V.  <f-  ff. 
6.  larrseformis  J/,  d;  U. 
HaatDos  ologans,  ear. 
Inoccramus  liitus? 
L  problematicua 
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Iari$i  NtMUoKtm  «rm{ftr.  The  Orypkma  MtiWiiWf  li  snppoMd  by  mmm  toMNr 
•Im  in  th«  Upper  Gnea-MUid  and  the  Lower  or  Qrej  Chalk,  bat  tho  Ibm  fraad 
in  tboM  lower  portions  is  regarded  by  other  authorities  as  a  distinct  species. 

Qenern  common  to  tho  Later  Crt'taccfms  of  America  and  the  Upper  or  White 
Chalk  of  Europe: — Uotatanrtta,  HuurocepkalHt,  Catlianaaaa,  PUurotoma,  Fanio- 

iaria,  Cifprita,  PuMmiin,  CaMidMlnt.  There  axe  alto  in  the  Ameriean  Lilir 
Oretaeeoos  the  three  genera  Btujftom,  F^iuMtueiium,  and  Jfyhpkaga,  whhh 
have  not  jet  been  foond  aa  low  aa  the  Cietaioeoaa  in  Bnn^ 

ni.  General  Obaervatloiis. 

1.  Origin  of  the  Chalk  and  Flint. — From  the  absence  of  vegetable 
remains  and  earthy  ingredients,  the  abundance  of  sponges,  and  the 
general  character  of  the  fosi^ils,  it  is  supposed  that  the  Chalk  was 
formed  At  a  distanoe  of  some  miles  from  shore,  where  the  walsr 
was  at  least  200  or  300  feet  deep.  The  ahundanoe  of  Rhisopod 
shells,  as  already  stated,  suggests  that  these  were  the  main  mst» 
rial ;  and  the  recent  observation  that  the  lead  in  deep-sea  sound- 
ings on  the  north  Athintic  has  brought  up  Rand  composed  almost 
wholly  of  minute  Rhizopods,  as  published  by  Bailey,  sustains 
the  conclusion.  These  shells  are  like  grains  of  sand  in  ^ixe,  and 
are,  therefore,  ready  for  eonsoliflation  into  a  compact  rock,  need- 
ing no  previous  trituration  by  way  of  preparation;  and  thus  they 
are  especially  fitted  for  making  deep-water  limestones.  Corals 
require  the  help  of  the  waves  to  reduce  them  to  grains  before  a 
rock  of  compact  texture  can  result.  ICoreover,  the  softness  or 
hnperfect  aggregation  of  Chalk  is  probably  due  to  thb  origin,  and 
particularly  to  the  fact  that  each  grain  is  a  eeUular  shell,  or  colleo* 
tion  of  air^ells,  instead  of  solid.  The  coral  reefs  of  the  Pacific  do 
not  under  ordinary  circumstances  give  rise  to  chalk.  The  only 
chalk  known  in  coral  regions  is  on  Oahu,  at  the  foot  of  an  extinct 
volcanic  cone :  and  there  it  is  probable  that  warm  waters  had  some 
connection  with  its  origin. 

The  Flint,  as  stated  on  i):ige  481,  has  been  attributed  to  the  sili- 
ceous Infusoria  of  the  same  waters  and  the  spicula  of  Sponges.  In 
the  soundings  from  the  Sea  of  Kamtchatka,  Bailey  found  micro- 
scopic siliceous  shells  of  Infusoria  (Diatoms)  as  abundant  as  the 
Rhisopods  in  the  Atlantic,  which  fiivors  strongly  this  opinion. 
The  minute  portion  of  silica  which  the  alkaline  waters  of  the  ocean 
can  dissolve — especially  when  the  silica  is  in  what  is  called  the 
soluble  state  (p.  55),  as  is  usual  in  these  microscopic  organu^nis — 
gives  an  opportunity  for  that  slow  process  of  concretion  whi<'h  might 
result  in  the  flints  of  the  Chalk.  And  the  tendency  to  ML'^ricLiation 
around  some  foreign  body  as  a  nucleus,  especially  when  such  a 
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body  is  undergoing  chemical  change  or  decomposition,  explains 
the  frequent  occurrence  of  fossils  within  flints,  and  the  silicifica- 
tion  of  shells. 

2.  American  Geography. — The  Cretaceous  beds  of  New  Jersey 
and  of  the  rest  of  the  border  region  of  the  continent,  east  and  south, 
show  in  their  structure  and  position,  and  in  the  character  of  their 
fossils,  that  they  were  formed  either  along  a  sea-coast  or  in  ojflT- 
shore  shallow  waters.  Farther  west,  the  limestones  of  Texas  indi- 
cate a  clearer  sea:  while  the  soft  sandy  and  clayey  formations  to 
the  north  are  evidence  that  the  same  sea  spread  northward,  but 
mostly  of  diminished  depth. 

The  outline  of  the  formation  over  the  land  points  out  approxi- 
mately the  outline  of  the  sea  in  the  Cretaceous  j)eriod,  and  the 
general  form  of  the  dry  land.  This  is  presentetl  to  view  in  the 
accompanying  map,  in  which  the  white  part  is  the  dry  land  of  the 


Pig.  792  A. 


North  America  in  the  Crptaceous  p<>rio(l,  >I0,  Upiwr  Mitiiwuri  region. 


continent,  and  the  shaded  the  Cretaceous  area,  and  therefore  tht' 
nibmerged  portion. 
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The  line  of  the  ooaat  on  the  east  ext6iid«d  from  &  point  in  New 
Jersey,  to  the  southeMt  of  New  York  City,  across  to  the  Delaware 
River,  whose  course  it  followed:  this  riTer,  therefore,  emptied  into 
the  Atlantic  at  Trenton,  and  the  regions  of  the  Delaware  and  Che- 
sapeake Bays  were  out  at  sea.  From  the  Delaware  it  continued 
southwestward,  at  a  distance  of  GO  miles  or  more  from  the  present 
coast-line  between  New  Jersey  und  South  Carolina.  It  next  turned 
westward,  being  about  IDO  miles  from  the  Athmtic  in  Georgia, 
nearly  2U()  mih  s  IVoni  the  Gulf  in  Alabamii,  and  still  more  rt mote 
from  the  west»  iii  (iult  shoie  in  Texas.  The  Appalachiauji  htoocl  at 
a  less  elevation  than  now.  by  GO  to  100  feet. 

The  Gulf  of  Mexico,  as  the  map  illustrates,  was  prolonged  north- 
ward along  the  valley  of  the  Hississippi  nearly  to  the  mouth  cf  the 
Ohio^  making  here  a  deep  bay.  Into  it  the  two  great  streams 
entered,  with  only  the  mouth  in  common ;  and  probably  the  Ohio 
was  the  larger,  as  its  whole  water-shed  had  nearly  its  present  ele- 
vation and  extent,  while  the  Mississippi  area  was  very  limited. 
More  to  the  westward,  from  the  region  of  Texa«,  the  Gulf  ex- 
panded to  a  far  greater  breadth  and  length,  stretching  over  mueli 
of  the  Rdoky  ^lountain  region,  which  was  therefore  so  far  kuI>- 
merged.  It  reached  at  least  to  the  head-wat«'r!<  of  the  YvUow- 
stone  and  Missouri  (wliich  rivers  were,  therefore,  not  in  existence); 
and,  judging  from  isolated  observations  in  British  America,  the 
waters  may  have  continued  northwestward  to  the  Arctic  seas,  at 
the  mouth  of  ICackenxie  River,  where  beds  of  this  period  occur. 

This  Cretaceous  mediterranean  sea  spread  westward  among  seve- 
ral of  the  elevations  of  the  Bocky  Mountain  summits ;  and  in  New 
Mexico  it  spread  still  farther  westward,  over  the  region  of  the  Colo- 
rado, to  or  beyond  the  meridian  of  113°  W. 

By  comparing  the  preceding  map  with  that  of  the  Azoic  (p.  13G),  it 
is  seen  that  the  continent  had  made  great  progress  since  the  opfui- 
ing  of  the  Silurian  agr.  But.  as  all  this  <  'retaeeons  area  was  und.-r 
(  .'retuceous  seas,  nmch  was  stUi  to  be  added  to  the  permanent  dry 
land  before  its  completion. 

The  great  Interior  Continental  basin,  which  had  been  a  lime- 
stone-making region  for  the  most  part  from  the  earliest  period 
of  the  Silurian,  was  still,  in  its  southern  part» — that  is,  in  Texas,— 
continuing  the  same  work ;  for  limestones  800  feet  Uiick  were  there 
formed.  To  the  north  of  Texas,  where  the  waters  were  shallower, 
there  appear  to  have  been  none  of  the  Echinoderms,  Corals*  Orbi- 
tolinte,  etc.  which  were  common  in  Texas. 

It  has  been  noted  that  during  the  Triassie  and  Jurassic  periods 
there  were  no  marine  heds  formed  on  the  Atlantic  or  Gulf  border* 
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above  the  present  level  of  the  ocean,  except  sparingly  in  estua- 
ries; and  it  has  hence  been  inferred  that  tlie  continent  on  the 
east  and  south,  during  that  prolonged  interval  after  the  Appala- 
chian revolution,  i>tood  with  the  coast-line  situated  outside  of  its 
present  position  (p.  441).  And  if  it  be  trae  that  the  earlier  half 
of  the  Cretaeeotu  rocks  aro  not  represented  among  the  beds  of 
the  AtUmtio  and  Oulf  borders,  as  now  appears  (p.  468)»  thb 
prolonged  interval  must  have  continued  until  thif  much  of  the 
period  had  passed.  The  absence  of  sea-shore  beds  along  a  broad 
and  shallow  ocean  border,  like  that  of  the  western  Atlantic,  cannot 
otherwise  he  explained.  The  change  submerging  the  present 
coast  did  not  come  on  until  the  epoch  of  the  Middle  Cretaceous, 
and  perliaps  not  till  part  of  it  had  passed  (p.  468).  The  lowest 
Nindy  bods,  with  their  fossil  wixxl.  a]»pear  to  mark  tlie  transition 
from  the  elevated  to  the  submerged  condition  of  tlie  border, 
when  the  encroaching  waters  buried  the  vegetation  of  the  land 
and  the  Cretaeeotu  formation  of  the  present  coast  had  its  com- 
mencement. 

It  appears  from  the  above  that  the  preceding  remarks  on  the 

Geography  of  America  in  the  Cretaceous  period  apply  to  the  conti- 
nent only  in  the  later  part  of  the  period. 

3.  Foreign  Geography. — The  distribution  of  the  Cretaceous 
beds  over  other  continents  shows  that  the  lands  were  to  a  great 
«'Xt*.'nt  submerged.  The  sea  covort-d  a  large  part  of  the  region  of 
the  Ande<,  as  well  a**  of  the  Rocky  Mountains,  and  both  chains 
were  to  u  great  extent  not  yet  flexed  into  mountain-shape;  the 
Alps,  Pyrenees,  and  Himalayas  were  also  under  water,  or  only  in 
their  incipient  stages  of  elevation.  Europe  was  mostly  a  great  a^ 
chipelago,  with  its  largest  area  of  dry  land  to  the  north :  it  resnnbled 
North  America  in  the  latter  point,  while  widely  differing  in  the 
former.  The  Urals  and  Nor\vegian  mountains  were  the  principal 
ranges  of  Europe,  as  the  Appalachians  and  the  Lauren tian  heights 
of  Canada  atul  beyond  were  in  America.  Western  Britain  was  the 
liiirh  land  of  that  reixion,  and  under  its  leo  and  that  of  other  lands 
south  westward  acro-;s  the  Channel,  the  new  formations  of  western 
Knirland  an«l  northern  France  were  in  progress  on  the  borders  of 
the  German  Ocean. 

4.  Climate. — ^The  geographical  distribution  of  species  indicates 
a  prevalence  of  warm  seas  in  the  northern  hemisphere  to  the 
parallel  of  00^,  and  in  the  southern  to  the  Straits  of  Magellan.  For 
the  table  on  page  487  f^hows  that  several  species  are  common  to 
Britain,  Europe,  and  cither  eqnntorinl  America,  India,  or  the 
United  States.  The  survey  of  the  life  of  the  period,  therefore,  as 
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far  M  wm  kacnni,  aflbrds  no  «vidmiee  of  the  existenee  of  tbe  pre> 

sent  cool  temperature  in  the  waters  of  the  temi)erate  zone. 

The  corals  of  tlic  f'rrtaccous  beds  in  Engh\nd  an'!  Europe  are  so 
closely  related  to  the  reef-forming  species  of  the  present  f>ea»,  that 
these  concur  with  the  other  testimony  in  favor  of  warm  seas. 
MoMOvar,  aa  such  reefr  reach  now  to  about  the  paraild  of  27",  tho 
coldest  temperature  of  those  regions,  which  is  near  G8°  F.,  was 
probably  the  coldest  lempfnittire  of  the  waters  of  tlie  German 
Ocean,  New  Jersey  shores,  Mississippi  basin,  Vancouver's  island. 
Chili,  and  Straits  of  ICagellan.  They  were  within  what  is  called 
the  sub-torrid  loae  on  the  map  of  o(  <'anic  temperature. 

The  present  position  of  the  winter  line  of  35°  F.  on  the  Physio- 
graphic chart  is  probably  near  that  occupied  by  the  line  of  08^  F. 
in  the  latter  part  of  the  Cretaceous  period. 

There  i^  a  difference  in  the  later  Cretaceous  between  thoapecies 
of  nortliorn  and  southern  Europe,  nnd  also  between  those  of  the 
northern  and  southern  United  States,  as  explained  on  page  479, 
and  this  difference  has  been  attributed  to  diversity  of  tempe> 
rature.  Some  diversity  of  thia  kind  undoubtedly  existed;  and  it 
should  be  apparent  in  the  fossils.  But  the  particular  facts  re* 
ferred  to  may  not  be  sutfirient  to  prove  it.  In  North  America,  at 
least,  the  peculiarities  in  the  life  of  the  two  regions,  Texas  and 
the  Upper  ICiasottri,  may  be  owing  rather  to  the  difference  in  tho 
horizon  of  the  bedsi  and  also  to  that  of  clearness  or  purity  of  tbe 
waters  (Meeic). 

5.  Xdfa^l.  JfafroQMefMv  dimwIeriMie*  {allying  tht  Oateesout  wHk  Us 

prtetdbiff  ptriott). 

1.  Among  Pi.AXTB. — A  preponderance  of  Coni/eri ;  iiutm'rous  (^yrndtm 

2.  Among  Radiates. — Crinoids  of  tb«  Apioerintit  family  and  others. 

5.  Amonfc  Mollusks. — The  genera  Tkteidea,  Oiyphtca,  Extujyra,  iHoteramwt, 
Trigonin,  XerinnrOt  AwHHOmiUt,  Hrlemnilc: 

4.  Among  Vertrbratrs. — P^emnloHt  Gamoida,  Ctttraciomt  and  Hghodamt 
8hark»t  Dino*aur»,  EuatioMHin,  PitrodaetjfU. 

6.  fipaeiM  of  plants  and  animals  all  extinct.  Of  the  genera  of  plants  only 
onr-twrntioth  living;  of  the  gcncrn  of  (^<-i>haIopods,  OdIj  OBa>t««ati«th }  of  tks 
genera  of  fiabes  and  reptile*^  only  uue-aixlh. 

2.  Ckaraelerutiet  peeuUar  t»  ikg  OrOaeeuu, 

1.  AsBoag  PaefosoASSt— Great  nraltipUeatloa  of  gsaara  aad  ^soIbs  of  BU- 
sopods  and  Rponges. 

ii  Among  Radiates.— Eehinodenns  of  the  genera  Aummiftw,  Omhrilmf 
Crinoids  of  tbe  genns  Martxpite*. 

8.  AatOBg  M0LLVSBS«— SposiM  of  £jcogj/ra  aod  JutMrmmwt  rttj  eoBHea; 
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gMMVa  of  the  Ammonite  family,  Criocerat,  Hamitet,  Scaphite*,  Baeulitet,  Turri- 
Hitt,  int  appMurj  alto  Hifptuitea  and  other  genera  of  Rudietai. 

4.  AflMBg  VsBTSBKATSt. — ^Th«  MMuamwym,  and  a  linr  oUmr  BepUlM,  betidaa 
Buuiy  gaoata  <rf  jn«hes. 

The  proBpective  characteristics  allying  the  Cretaceous  with  after-time  are 
mentioned  bejond,  in  connection  with  the  Ueneral  Observations  on  the  Meso- 
tote. 

GENERAL  OBSERVATIONS  ON  TUB  IfESOZOIC. 

I.  Time-ratios. 

Tho  o.vtiiiiiitr  of  the  comparative  lengtlis  of  the  Palaeozoic  apes  is 
given  on  page  38t).  Acoording  to  it,  the  lengths  of  the  Sihnian, 
Devonian,  and  Carboniferous  Ages  are  approximately  as  the  ratio 
8:1:  1.  The  &cts  in  European  geology  probably  lead  to  the  same 
remit;  the  doubt  ariseB  from  the  uncertain  thldcneas  of  the  Pri- 
mordial rocks. 

The  Heaoaoie  fbrmstions  in  America  are  too  incomplete  to  be 

used  in  such  a  calculation.  In  the  Western  Intfrior  rririon  the 
whole  thickness  ia  only  5000  feet;  and  on  the  Atlantic  border 
nothing  flofinite  is  yet  ascertained.  Tho  Mesozoic  rocks  of  Kurop© 
aiifl  Britain  afford  more  satisfactory  data.  The  maximum  thickness 
of  the  Triassic  (in  Germany)  is  about  34(H)  feet,  KXJU  of  it  lime- 
stone; of  the  Jurassic,  5200  feet,  1000  of  it  limestone;  of  the  Cre- 
taceous, 2400  feet,  1200  of  it  limestone :  hence,  for  the  whole  Meso- 
aole»  about  7800  feet  for  sedimentary  beds,  and  3200  for  limestone. 
Kaking  the  calculation  from  these  data,  as  on  page  387,  allowing  5 
feet  of  sedimentary  beds  to  correspond  to  1  of  limestone,  the  re- 
sulting number  is  23,800 ;  whence  the  (tme-ratio  for  the  Palflsosoic 
and  Mesozoic  is  nearly  3^  :  1. 

Tlie  time-ratio  on  the  above  diita  for  the  Triassic,  Jurassic,  and 
Cretaceous  is  7400  :  U200  :  7200,  or  approximately,  for  the  three 
periods,  a  ratio  of  1  :  IJ  :  I. 

Adopting  D  Orbigny's  conclusions  with  regard  to  the  thickness 
of  the  European  Cretaceous  (which  are  far  from  established),  llie 
ratio  between  the  Palwosoic  and  Mesozoic  is  approximately  2  :  1. 

« 

H.  Ooograpliy. 

Through  Hesosoic,  North  America  was  in  general  dry  land, 
and  on  the  east  it  stood  a  large  part  of  the  time  above  its  present 
level.  Rocks  were  formed  on  its  southeastern  and  southern  border, 
and  over  its  great  Western  Interior  or  Rocky  Mountain  region. 
Europe  at  the  samf  time  was  an  archipelago,  varying  in  the  extent 
of  He  dry  lands  with  the  successive  periods  and  epochs.  Bocks 
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w«re  in  progress  along  its  more  southern  borders  $nA  throvgli  ill 
interior  sees. 

In  America  there  are  but  few  distinct  formations,  the  Triaane  sad 
Jurassic  making  seemingly  one  continued  series,  and  the  Crets* 
ceoos  another  with  three  or  four  subordinate  divisions.  In  Europe 
the  number  of  epochal  changes,  or  abrupt  transitions  In  the  rocks, 
is  large, — much  moro  so  than  in  the  CarboniftM-ous  aj»e. 

In  America  there  are  no  limestones,  and  therefore  no  evidonoos 
of  clear  interior  sous,  except  in  the  closing  ej)och  of  the  ( 'ret:i(  >  ini-i 
in  Texas,  and  some  thin  interj»olation>^  in  the  earlier  fornuiiions 
In  Europe  the  Lias,  and  a  large  part  of  the  Oolite  and  Chalk,  are 
limestone  formations. 

The  ISftcts  indicate  great  simplicity  and  but  narrow  limits  in  the 
oseillationa  of  North  America,  and  remarkable  complexity  and 
dirersity  of  extent  in  those  of  Europe. 

m.  Life. 

1.  Decline  in  Palaozoic  Featuree. 

Decline  in  Carboniferous  genera  of  planU. — Of  the  genus  Calamity 
about  50  Carboniferous  species  have  been  described,  only  3  or  4 
Triassic,  2  Junu<sic.  and  none  of  later  periods.  Tiie  genera  of  ferns 
Pecopteris,  Ncuropfcris,  iSphenopteris,  and  Ci/c/oph-ris  are  continued  in 
the  Mesozoic ;  but  only  one  species  in  all — a  Pecopteris — has  been 
found  in  the  Cretaceous  beds. 

Pteopten'it  hfid  50  specips  in  the  Carboniferous  age,  5  or  6  in  the  Triassic 
period,  the  same  in  each  the  Jurassic  and  the  Crctuccuuj* ;  ycxropteri;  60  Car- 
boniferous, S  Triassic,  6  Jurassic,  None  Cretaceous ;  S^htHopterit,  75  Csrbooi- 
fwoos,  20  Trlsssls  sad  JonmletnoiM  Crstsoeoos;  C^fdopttrit,  94  CsrboBiAfOS^ 
4  Triswfoy  Jnrsfaie  mow,  Crstamoot  rom. 

Decline  in  Crino'uls. — There  were  over  /iOO  species  of  Paljeozoic 
Crinoids ;  of  Jurassic,  about  75  ;  of  Cretiiceous,  15.  Considering 
the  time-ratio  for  the  Pabeoioic  and  M esosoic,  3| :  1,  these  numbeis 
indicate  an  approximate  equality  between  the  eras.  But  it  is  still 
true  that  the  Hesoioie  is  much  less  prolific  in  indiTiduals. 

Jk^me  la  AwAjtgWSr. — The  number  of  known  Palseoioic  spe* 
des  is  about  700;  of  Triassic  and  Jurassic,  150;  of  Cretaceous, 
about  the  same.  These  numbers  do  not  exhibit  the  fact  of  the 
decline.  But  it  is  strikingly -seen  in  this:  that  the  BrachieprMl^ 
were  one-tliird  the  whole  number  of  Mollusks  in  the  Pal(eozoic.  and 
only  onC'*:!cven(h  in  the  Mesozoic.  M<ire<>ver,  the  Mesozoic  sji<  i  i*^> 
belong  extensively  to  the  Terebratula  family,  which  is  eminentiy  a 
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ttodam  type;  126  out  of  the  140 Greteeeoiu  ipeeies  were  of  thb 
fiunily.  Again,  of  the  few  Paleozoic  genera  that  hold  o^er  into  the 

Mesozoic,  several  die  out  before  its  close.  This  is  tmeof  Spiri/er, 
Spirigera,  Cyrtia,  Lqytcena.  The  last  species  of  the  Spirifcr  nncl  Lcp- 
tema  families  livcfl  in  the  Lias,  ami  the  Mesozoic  r<'i»ri'sontativcs 
of  these  prolific  ^'eiu'rii  are  small  ( omparcd  with  the  euriiert— those 
of  L<:pl<zna  hardly  (arijcr  than  an  apjilc-st  rd  (fig.  090  a). 

Spin/er  (and  its  allied  (fcncra)  had  200  Palajoioic  specie?.  12  to  15  Triafsie, 
9  JuraMic ;  Lepttena,  and  the  cloeclj-allicd  Strophomena,  76  to  lUO  Palseozoic,  and 
•aljr  5  of  Um  former  fonui  ooewr  la  tho  Liaa,  with  which  the  type  ends.  Mhgm- 
tkmtilm  U  OBO  of  tha  finr  Braahiopod  tai«ia  haviag  llviag  tpeoioi :  thero  w«ia 
•boat  120  Palaeozoic  tpoetes,  50  Jurassic,  30  Cretaceoiu, — ^indicating  no  dimina- 
tion  in  relutivc  number,  considering;  the  length  of  time  for  each  era,  though  ia 
number  of  iodividuulii  under  the  !<]>eciefl  the  diuinution  is  marked. 

The  decline  of  tho  Brachiopod  type  is  further  observed  in  the 
fact  that  tlie  TcrcbntlHla  family,  which  is  the  prevailing  one  in 
the  Mfso/.oic.  is  low  itj  grad»>,  as  shown  in  its  simple  internal  struc- 
ture and  elongate  form.  The  other  Brachiopod  groups  cotempo- 
raneoua  with  it  aie  neariy  of  the  same  inferior  rank.  Lingula, 
mbatAk  began  in  the  Primordial,  and  still  exiata,  is  one  of  the  lowest 
types  of  the  order. 

Decline  ^  the  Cephahipod  tt/prs  of  Ortkocertu^  GoniaiUee,  and  ContUatia. 
— The  simple  Orthoeenu,  which  began  in  the  Potsdam  period,  had 
its  last  representative  in  the  Triassic.  The  genus  GrmiatUrs,  of  De- 
vonian origin,  also  ended  in  the  Triassic.  The  genus  f^onularia^ 
dating  from  the  Lower  Silurian,  became  extinct  in  the  .Jurassic. 

Disappearance  of  vcrtchrate-tadcd  (uinoids. — Of  Ganoids  with  verte- 
brated  tails — the  only  kind  in  the  Palaeozoic — a  few  occur  in  the 
Triasaic,  and  these  are  the  last  fossil  specled  of  the  kind. 

tkdine  ^  the  fype  of  Catraemt  iSKorib.— This  decline  commenced 
in  the  Peleoaoio  and  oontinues  through  the  Mesosoio.  It  is  now 
nearly  an  extinct  fiunily. 

2.  Pngreu  in  Mmxoie  Feaiwret, 

Ckftatnaemi  ^the  type  qf  C^emb.— The  plants  of  the  MesoKno  were 
mainly  Ftme^  Qmtfen^  and  Csfcadt,  The  ferns  belong  to  a  type — 
that  of  Acrogens — which  had  passed  its  time  of  culmination  in  the 
Palnoaoic.  The  Conifers  were  to  have  their  fullest  display  in  a 
later  era.  The  Cycads  are  eminently  Mesozoic.  They  appear  to 
have  begun  near  the  close  of  the  Carboniferous  age,  and  passed 
their  climax  in  the  Jurassic  period. 

Ia  tho  Ifososoio  oca»  10  or  12  Triaaiio  ipoeiM  of  Cyosds  hare  bosn  rtsog' 
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bIimI,  70  JvMM&e,  and  Ian  th«i »  iowm  OrtteMMU.  Only  a  small  put-fro* 
bftbljr  not  a  ttntk—ct  the  qtMiat  that  utaftUj  «ziited  woald  han  bMOM  te- 
•HiMdy  M  Ui«j  an  not  ooaflnad  to  awampy  aoU. 

CttlminatUM  the  Cephalopod  type,  and  therrfore  of  the  type  oj  Mi^ 
Awit».— The  Cephalopoda  are  the  highest  of  Mollusks,  and  in  Uwb 
calmmation  the  oulminatioii  of  the  grand  type  of  UoUoflks  took 
place. 

In  the  Triasaic  period,  before  the  disappearance  of  the  Gonia- 
tites,— «  PaliBOZoic  form  of  the  Ammonite  type, — true  Ammmitt 
appeared,  and  tlie  family  rapidly  multiplied  in  8j)ecies  and  variety 
of  forms.  Between  SiX)  and  90()  s]>ecies  have  bec'n  found  fossil  in 
the  Mesozoic  rocks.  Hosid<'s  tlu  sc,  the  Bclanintf  family — cliar.ic- 
terized  by  an  internal  shell — eoinincTict'd  in  the  epoch  of  the  Li.^s 
and  over  120  of  its  species  have  been  gatiiered  from  the  Jurassic 
and  Cretaceous  strata.  There  were  also  many  species  of  NaM»i 
•o  that  the  whole  number  of  Cephalopoda  now  known  from  tbe 
formations  of  the  era  is  nearly  1200.  Of  this  number  about  {60 
were  chambered  shells  of  the  Nautilus  and  Ammonite  groofii; 
wliile  in  existing  seas  there  are  only /our  species,  and  these  belong 
to  th<'  sin^'lc  genus  of  Nautilus.  The  Ammonite  and  Belemnite 
families  have  had  no  living  representatives  fsince  the  Cretaceous 
perio<l.  It  is  to  he  n<)tt'<I  that  950  is  the  number  of  s|>ecies  of 
chamV»ered  shells  louiul  j'oi<.'(>l :  it  may  he  only  a  third  part  lor 
less)  of  those  which  were  actually  in  the  waters  of  the  era.  The 
age  was  therefore  remarkable  for  the  great  expansion  of  the  type 
of  Oephalopods. 

The  number  of  !>pccie8of  the  Ammonite  family  from  the  Triasaic  is  about  100, 
frum  the  Jurassiiio  400  (over  160  from  the  Liaisio),  from  the  Cretaceous  about 
400.  The  genus  Nntaiint  hst  over  40  HMoioie  sptewi. 

In  the  AunlllM  of  ehambend  ■hells  the  ezpaaelea  of  the  Tetrabnaeh  Oi|ilBi> 
lopods  (p.  156)  U  exhibited;  end  la  the  BetemBtte,  Sepia,  and  Cslaaaiy 

lies,  that  *>f  the  Dibninchs. 

The  ConulariK  appear  tu  have  been  the  only  representatives  of  the  latter  ia 
the  PultBOSuic.  They  are  generally  referred  to  the  group  of  Pleropoda;  bet 
the  large,  thin,  pyiamldal  ehelle,  ehonbered  at  bottom,  ai  Hell  hai  olMervH 
and  admitting  of  some  motion  at  th<  unglei  aboire«  oomq^oiid  better  with  tbt 
internal  ahell  or  oieelet  of  a  Cephalopod. 

The  type  began  in  the  straight  Orthoeenu  with  plain  septa,  and 
the  half-ooiled  and  equally  simple  JUtuUe  of  the  Lower  f^lurisn ; 
it  reached  its  maximum  in  tlie  large  and  complex  Ammomie,  of  the 

Jurassic,  and  the  associated  Delemmte  and  Cuttle-fishes  ■,  it  declined 
in  the  Cretaceous,  through  the  multiplication  of  the  half-coiled 
forms  of  tbe  Ammonite  lamily  (p.  485)  and  the  straight  B^odiU. 
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The  pro;ire?s  was  from  the  simplo  nnd  stmight  form  through  the 
coilecl  and  com})lex.  to  the  straight  n  j.tin,  though  without  ft  return 
to  tlie  oriiiiual  simplicity  in  those  strai^'lit  shells.  The  Xuntilus,  which 
w;i>  iixx K'iatftl  with  the  (Jrf/tfn;r,i.s  in  the  Sihirian,  luid  the  same  sim- 
plicity in  itb  septii ;  and  this  genu:s  of  chuaiberod  .^helU,  out  of  the 
forty  or  more  that  have  existed,  is  the  ontyane  in  our  present  seas* 
The  expansion  of  the  type  of  Cej)halopods  was,  therefore,  not  only 
an  increase  in  variety  of  forms  and  number  of  species,  but  also  in 
grade.  With  the  Cretaceous  period  commenced  the  decline,  nnd 
at  the  close  of  the  period  there  was  a  sudden  fiilling  of!'  in  fiunilies, 
genera,  and  number  of  species.  Whether  any  of  the  motlorn 
C'uttli  -fi-li»'s  ( i).branchs)  are  equal,  or  superior,  to  the  lii;.'hest 
( '»"phal<']><'<i-  of  the  .lurassic,  it  is  ditticult  to  determine.  Tlie  mo- 
dern genu-  Xaafi^it^ — representing  the  ehambered  species  (Tetra- 
branchs) — is  certainly  of  far  lower  grade  than  the  Jurassic  Awr 
monite. 

It  is  therefore  one  of  the  great  facts  connected  with  the  Heso- 
aoio  era  that  in  its  later  half  the  sub-kingdom  of  Mollusks  passed 
its  period  of  culmination.  But, while  this  is  true  of  the  sub-king- 
dom as  a  \vhf)l<',  it  is  not  true  of  eacli  of  its  subdivisions  ;  for  the 
inferior  tribes  ot  Conchifers  and  (iasteropods  eoiitinue  on  tlie 
rising:  ;.'ra(k»  tlirougli  the  Mesozoic,  and  probably  have  their  uiaxi- 
mum  <lisi>lay  in  the  age  of  Man. 

CulmtnaUon  of  the  type  of  Ganoid  FUhes. — The  Ganoids,  after  the 
Triasaic,  lose  the  Paleeoxoio  feature  of  Tertebrated  tails ;  and  this  is 
a  mark  of  progress;  for  it  is  an  example  of  that  abbreviation  of  the 
posterior  extremity  which  generally  nuu'ks  elevation  in  grade  as 
well  OS  progress  in  embryonic  development. 

In  the  Jurassic  period,  the  number  of  species  of  Ganoids  reached 
its  maximum,  and  also  the  diversity  of  generic  forms.  The  Ganoids 
are  at  present  nearly  an  extinct  tribe. 

Orer  300  Jarstsle  speelei  hav«  been  described,  besitlcs  nearly  50  Crctnceoni, 

tnd  a?  many  Tria^sic.  The  onlinary  Rhoml'ifer'^  culminated  in  the  Jurjissic, 
few  of  tlu-  troneni  CM. ntinieni:  afterwards,  while  tlic  Pvciiodonts  were  numerous 
in  the  Crctucuuus,and  continue  to  bo  largely  repre»culcd  iu  the  Ccnuzoic. 

Culnanathn  of  the  type  of  H^todoni  Skath.—TXie  llybodonts,  which 

began  in  the  Palfeozoic,  are  numerous  in  Mesozoic  spet  it's,  e8j>e- 
ciidly  in  tlie  Jurassic  period,  but  almost  extinct  aftervvartls.  Over 
tliiity  Triassio  and  seventy-five  .Jurassic  species  have  been  de- 
scrilH  il.    It  is  at  present  an  extinct  tribe. 

C'l/rHouition  nf  the  Ufpc  of  LaLi/rtiithothmts,  and  therefore  of  that  of  Am- 
phdfians. — The  scale-covered  Amphibians,  called  Labyiinthodonts» 
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which  first  appeared  in  the  Carboniferous,  have  gigantic  species  in 
the  Triaasic,  and  at  its  close  cease.  The  tyyo  of  Amphibians  is 
afterwards  represented  only  by  small  spades  of  the  ordinary  type 
without  scales. 

Culmination  of  the  type  of  True  JieptiUs.— The  Enaliosaurs  or  Swim- 
min-:  Saiii  ians  of  the  Triassic — the  Noihosaur  type — have  the  open 
skull  of  a  Hatrachian.  In  the  Jurassic  the  type  rises  to  the  higher 
grade  of  the  rchthjosaur.t  and  Ptcsiosaurs,  when  there  were  several 
genera  and  nunuTous  spfH'ios.  In  the  Cretaceous  the  species  are 
very  few;  afterwards  tli<'i»'  wtTo  none. 

The  LacertianH  conunence  in  the  later  Falteozoic,  in  species  with 
the  ichthyic  characteristic  of  biconcave  vertebree,  and  retain  it 
through  the  Triassic  and  in  some  Jurassic  species.  In  the  Jurssiic 
and  Cretaceous  they  come  forth  m  many  other  species  of  great  sase 
without  this  low  feature.  After  the  Cretaceous  only  smaller  speoisi 
exist. 

The  Saurian  tvjH-  in  the  later  Jurassic  ris^  also  to  the  gradt'  of 
Dinosaurs,  the  Idghcst  in  rank  and  among  the  largest  of  Keptiles; 
and  these  all  disappear  hefore  the  close  of  tin'  Crt'taceous  period. 

There  is  also  an  expansion  of  the  type  to  living  Ibrnis.  the  Ptero- 
saurs, in  the  Jurassic,  and  this  type  continues  into  the  Crelaceous, 
but  then  ends. 

Thus,  in  all  the  grand  divisions  there  was  a  culmination  and 
decline.  Every  genus  becomes  extinct  at  the  close  of  the  era 
except  that  of  OneodUutf  which  began  in  its  last  period. 

The  Reptilian  type  was  unfolded  in  ita  complete  dimensions,  so 

as  to  parallel  the  later  expansion  of  Kammals.  The  sea,  air.  and 
earth  had  each  its  species,  and  there  were  both  graiing  and  cami- 

vorons  kinds  of  large  and  small  dimensions. 

The  reality  of  this  Uoittilian  feature  of  the  ag<»  will  apj>ear  from  a 
comparison  of  England  as  it  was  in  Heptilian  times  with  England 
as  it  is,  or  with  India,  Africa,  an<l  America. 

In  a  single  era,  tiiat  of  the  Wealden  and  Lower  Cretaceous,— iDf 
the  two  were  closely  related  in  vertebrate  species, — there  were  in 
the  British  dominions  of  sea  and  land  four  or  five  species  of  Dino- 
saurs twenty  to  fifty  feet  long,  ten  or  twelve  Crocodilians,  Lscer> 
tians,  and  ^laliosaurs,  ten  to  fifty  or  sixty  feet  long,  besides  Ptero- 
dactyls and  Turtles.  As  only  part  of  the  .npecies  in  existence  would 
have  left  their  remains  in  the  rocks,  it  would  be  evidently  no  exagge- 
ration to  increase  the  above  numbers  two  or  three  fold.  But,  taking 
them  as  made  out  by  actual  discovery,  the  fivct.s  are  suftioiont  to 
e-^tablish  the  contrast  in  view.  For,  since  man  aj>pcar«'d,  there  is 
no  reason  to  believe  that  there  bus  been  a  single  huge  Reptile  iu 
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^tnin ;  in  India,  or  the  Continent  of  Asia,  there  are  but  two  species 

over  fifteen  foot  long ;  in  Africa,  but  one ;  in  all  America,  biit 
three :  and  in  tho  whnlo  world,  not  more  than  fix ;  and  tho  length 
of  the  largest  does  not  exoood  twenty-five  foot.  The  number  of 
living  sjiefies  oxciHMling  ten  feet  in  lejigtli  is  only  10  or  18. 

The  Galapagos  Islands  are  t^trikingly  Keptiliaii  at  the  present 
time.  But  they  afford  only  four  lizards,  as  many  snakes,  a  turtle, 
and  a  large  tortoise.  Tlie  largest  of  the  lizards,  an  t^aHe  species 
of  the  genus  AmUjfrhynchua  (having  feet»  however,  instead  of  pad- 
dles), is  but  three  to  four  feet  long. 

If  so  large  a  number  of  species  as  above  mentioned  existed  in 
Britain  and  its  vicinity  during  the  age  of  Reptiles,  what  should  be 
the  estimate  for  the  whole  world  at  that  time  ?  The  question  is  a 
good  one  for  consideration,  although  no  definite  reply  can  be 
looked  for. 

The  culmination  of  the  age  of  Reptiles  occurred  in  the  era  of  the 
Wealden.  But,  as  in  the  case  of  Mollusks,  the  culmination  of  the 
grand  type  does  not  imply  a  culmination  of  all  its  subdivisions. 
There  is  no  evidence  that  the  inferior  group  of  Snakes  had  begun 
to  exist;  and  the  Mesozoic  species  of  Turtles  are  inferior  in  grade 
to  thoee  of  the  Cenozoio  and  the  present  age. 

8.  Prognu  in  Cmtam  Featttret, 

1.  Among  Plants. — (a.)  Angmperms. — ^The  introduction  in  the  Cre- 
taceous of  the  great  class  of  Angiosperms,— -tiiat  to  which  all  our 
oommon  fruit  and  shade  trees  belong. 

(6.)  i%iAns.— The  introduction  in  the  Cretaceous  of  the  tribe  of 

Palms, — also  eminent  for  its  fruits  and  other  useful  products. 

2.  AmoDij  RiuUnt<:$. — The  introduction  of  the  modern  tril  of  i<  i  t- 
forming  Corals,  the  Astrtroid  Corals,  and  also  the  normal  style  of 
Eehinoids,  that  is,  those  having  only  the  normal  iiumV»or  of  vertical 
serie>  of  plates  (p.  100),  instea<l  of  an  excessive  number;  as  exem- 
plified in  tiie  CidariSf  and  other  groups  of  the  age. 

3.  Among  Mollush. — ^An  increase  in  the  number  of  modem  genera 
of  Conchifers  and  Gasteropods,  and  a  larger  proportion  than  before 
of  siphonated  Gasteropods  (beaked  univalves)  and  siphonated 
Conchifers. 

Among  modern  genera  the  following  begin  In  the  Jorassio : — Bimula,  Planar- 
W«,  Palmdimat  JMmia,  JVerfta,  Pteroctrot  Botlttlaria  /,  Ftmu,  TMina,  Oorbia, 
Anomia,  etc.  In  the  Cretaceous : — NeitKea,  Cra$»atella,  Axituea  (Pectunculus), 
Petn'cola,  Vcmtx.  Oliea,  Omta,  Cjfprma,  VoUtUt,  Twrria  (i^rotoMa),  Bu$jfcon, 
PteudobueciHum,  etc 
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The  nnmber  of  non-siphoQatcd  (or  intogripallinl)  Conchifera  in  the  Meso- 
soic,  diaoovered  up  to  according  tu  a  compututiun  made  hy  Bronn,  was 
2358,  and  of  siphoB«t«d  (or  cuiupaUial),  1089;  making  tiM  fefBtr  ov«r  twUm 
M  nnmeroM  m  tli*  Itlter.   Broaa  glTM  for  Um  MrraapondiBg  mimban  fbr 

living  species  1480  and  1190.  Of  the  integripalltal  Mesozoic  species,  one-hat/ 
were  Plcuroconchs  (species  having  unequal  valves),  while  in  inndern  ^ca.-*  onlj 
about  oHc-J'ourth  are  Pleoroconobs,  the  Orthooonolu  amounting  tu  73  per  oeaU 

4.  Amn^  itrffcK&tfsc— (a.)  Onutaeeant,^The  rise  of  tho  class  of 

Crustaceans  from  Macrourans  (Shrimps  and  Lobsters)  to  trueCrab*. 
These  Crabs  belong  to  the  division  of  square  Crabs  (or  the  Grap- 
Boids) ;  the  higher  divisions,  the  Cancer  typo  (arched  front)  and 
Maia  type  (triangular  Crabs),  are  still  unre]»resented. 

(6.)  Insects. — The  unfolding  of  the  class  of  Insects,  nearly  all  the 
tribes  being  present  in  the  later  Jurassic,— -even  the  highest  tribe 
of  Hymenopters,  in  the  form  of  a  species  related  to  the  Bee. 

5.  Among  VtrtAnUet. — (a.)  TtUott  lUhet.—The  introduction  in  the 
Ctotaoeous  of  the  grand  tribe  of  Teliosts,  or  common  osseous  fishes; 
and  among  the  early  representatives  of  th(>  tribe  there  were  species 
related  to  the  Salmon,  Herring,  and  Perch. 

(6.)  Selachians. — The  introduction  in  th^  Jurassic  of  the  modem 
tribe  of  Sharks, — the  Squalodonta  (genera  Uphenodus,  Lamna,  Oxy- 
rhina,  Xotidanus,  etc.). 

(e.)  Crocodiles. — TJie  appearance  in  the  Cretaceous  of  the  first 
species  of  the  modern  genus  CneoiSbit, 

{d,)EarlUHM(mnud8,-'M«rm^kU8andTnteeth^  introduction 
in  the  Triassic  of  the  earliest  of  Mammals,  and  their  increase  in 
genera  in  the  Jurassic, — the  species,  Marsupials  and  InscctiTores. 

(<•.)  Cetac'Utns,  or  Whales. — The  introduction  in  the  CretaceoUS  4^ 
the  earliest  Mammals  of  the  tribe  of  Cetaceans,  or  Whales. 

4.  JS^ftlm  m  the  Pngrem  ^  L{fe. 

Qm^pnhentive  T^pea. — ^Nezt  to  the  Labgrrinthodonta,  remarked 
upon  on  p.  395,  the  Cyeads  are  the  most  marked  example  of  a  com- 
pvehensire  type  in  the  Mesoioio.  These  plants— the  characteristio 

species  of  the  era — are  related  in  some  fundamental  points  both  to 
the  Ferns  and  Palms.   Thoy  are  like  the  former  in  that  the  leaves 

are  rolled  into  a  coil  in  the  bud,  and  unroll  on  expanding ;  thoy 
resemble  the  latter  in  the  form  of  their  foliage  and  in  the  general 
habit  of  the  plant.  The  fii'st  was  a  retrospective  feature,  for  the 
Ferns  were  of  Palteozoic  origin;  the  latter  was  prospective,  the 
Palms  not  having  yet  appeared. 
The  Marsupials  are  another  example  under  this  head.  Thej 
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approa^li  Rcptilcnand  Bird^  in  thoir semi-oviparous  character  ;  they 
&re  like  the  former  also  in  the  sacrum  consisting  of  but  two  verte- 
broD  combined;  and  amon^  the  lower  species  of  ]ater  time  tho 
birds  are  represented  by  the  Duck-bill  {OnuthorhjftwhtiM)  and  Bef^ 
tiles  by  the  Eehulnut»  Along  with  these  inferior  features  there  wev* 
•  the  dominant  chaructoristit  s  of  the  true  Mammal. 

A  :jubordinate  example  of  the  comprehensive  type  U  seen  in  the 
Tthi/nrhnmur  of  iho  Tria.s,  which  combined  the  chamcteristics  of 
the  Saui  i;m  wi:li  the  hill,  and  f»artly  the  skuU,  of  a  Turtle.  Whe- 
ther it  had  paddles  or  not  is  undecided. 

All  the  examples  here  mentioned,  it  will  bo  observed,  made 
fteir  appearance  in  the  TVias. 

The  Pterodactyls  combine  with  the  Saurian  characteristics  peculiarities  of 
birds;  but  they  uru  nut  aatit^ructury  cxuui[>lcd  of  a  cuiuprchcusivo  typv,  any 
mors  than  the  Bats  among  Jf  aoiniaU :  thsy  are  adaptations  of  the  Reptilian 
^jps  to  the  air. 

Eorltc.ft  Mimmafx. — On  p.  nof)  ';«>veral  examploii  are  mentioned  in 
wliidi  the  early  sjn'cies  of  a  ;.'roup  were  partly  from  the  Imcrr  of  its 
two  gran<l  subdivi-^ions,  and  partly  from  the  inlerior  grach-s  of  the 
higher.  If,  in  u  similar  manner.  Mammals  are  divided  into  Marsu- 
pials (the  lowtr  division)  and  Non-marsupials  (the  higher),  the  ear* 
liest  kinds  embrace  species  of  the  former,  along  with  Inseotivores, 
a  tribe  in  the  inferior  or  Microsthenic  divbion  (p.  423)  of  the 
latter. 

tprcics  of  tlie  higher  group  arc  not  nccnmrihj  from  iU  hiorst  sub- 
dingion.  lielow  the  Ins(M  tivores  there  i.•^  the  Sloth  tribe,  or  that  of 
Edentates;  and  this  low  ;iroup  is  not  known  to  occur  before  the 
Ceno/.oie  (Tertiary).  In  tiu'  same  maimer  the  Reptilian  associates 
of  the  early  Amphibians  were  Lacertians  and  Knaliosaurs,  and  not 
Snakes  of  the  in/erior  subdivision  of  True  Reptiles.  The  earlieatp 
known  Snakes  are  found  in  the  Tertiary. 

In  the  limited  Fauna  and  Flora  of  early  time  the  tpedee  ^  tht 
higher  (/rnup  air  such  as  i'end  hormonioxtsfy  with  thote  ^  the  hwer.  Tills 
principle  is  illustrated  on  p.  .*i9G.  In  the  case  of  Mammals,  the 
Marsui)ial  Insect ivoies  harmonize  better  with  the  Non-marsMi»ial 
iM-tctivores  than  they  woiiM  with  Sloth*^.  and  the  Labyrintlio- 
dojits  belter  with  I^uiertians  than  with  Snakes.  Again,  the  air- 
breathin<;  Vertebrates  of  the  Mesozoic,  made  up  of  oviparous  Rep- 
tiles, semi-oviparous  Mammals,  and  viviparous  Mammals,  are  an 
harmonious  assemblage.  The  fauna  of  an  era  is  not  well  appre- 
ciated unless  considered  apart  ft*om  those  of  other  periods.  An 
attempt  to  classify  the  living  species  as  they  would  have  appeared 
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to  a  mind  in  the  age  iteelf,  having  in  vieir  co-existing  speeiee  and 
those  that  had  gone  before,  is  an  essential  preliminary  to  a  correct 
apprehension  of  the  life  of  each  epoch. 

5.  IHtturlaneu  during,  and  at  the  eloae  iff,  the  Memtcie  Em. 

In  American  history  we  have  found  eyidences  of  disturbance  in 
the  tilted  beds  of  the  Connecticut  River  sandstone  and  the  inter- 
secting trap,  as  mentionod  on  {>.  430.  The  period  of  the  uplift  is 
not  ascertained  ;  but  it  is  evident  that  it  preceded  the  Cretaceous 

period,  as  the  Cretaceous  rocks  arc  undisturbed  and  witliout  trap 
dikes.  T}ie  destruction  of  species  was  complete,  as  none  pass  up 
into  tlie  <  Tctaccous. 

The  Cretaceous  strata  are  all  concordant  in  stratification.  They 
indicate  oscillations  of  level  in  the  land  and  sea,  but  no  violence 
at  any  interval  during  their  deposition. 

.  In  Europe,  as  in  America,  the  Palceoioic  closed  amid  soMies  of 
great  disturbance  and  metamorpliisni.  But  during  the  progress  of 
the  Beptilian  age  the  rocks,  Tria.Hsic,  Jurassic,  and  Cretaceous, 
appear  to  have  been  hiid  down  for  the  most  part  conformably,  with 
few  examples  of  non-concordance,  yet  with  tho-c  variations  in  their 
distribution  tliat  arise  from  variations  of  tin;  oct'un's  level,  as  a  con- 
sequence of  gentle  hcavings  of  the  earth's  crust.  There  were  thus 
elevatiofis  and  depressions,  producing  the  varying  geography  of  the 
age,  and  successive  destructions  of  s])ecies  attending  them,  so  that 
but  an  extremely  small  number  of  Liassic  species  pass  up  into  the 
Oolite, — D'Orbigny  sajrs  none, — and  less  than  a  dozen  finom  the  Ju- 
rassic to  tiie  Cretaceous ;  while  the  many  subordinate  epochs  also 
were  separated  by  general  destructions,  and  peopled  mostly  by  in- 
dependent creations. 

A  disturbance  took  plaoc  bptwecn  the  Triansic  and  JuraMic  period*  in  the 
region  of  the  Thuriugian  Furc-'-t  hthI  the  frontiers  of  Bohemia  and  Bavaria,  the 
Jurassic  beds  overlying  uucuuluruiubly  the  Triassiu :  it  ia  named  by  Dc  Beau- 
aont  ihs  iS^ftttm  of  th*  flknrinffivm  Fort^  and  the  dtreotion  msaUoned  is  M.  50* 
W.  Again,  between  the  Jurassic  and  Cretaceous  was  formed  De  BesnmoBt^ 
SiftUm     lU  C6U  if  Or,  having  the  direction  K.  dO^  B. 

The  rocks  of  the  .Cretaceous  and  Jurassic  are  still  very  nearly 
horiiontal  in  the  great  Anglo>Parisian  re|^on  (the  part  of  the 
German  Ocean  basin  exposed  to  view). 

The  dose  of  the  Mesoioio  era  (or  that  of  the  Cretaceous  period) 
was  a  time  of  disturbance  unequalled  since  the  close  of  the  Palsso- 
aoic.   Its  effects  are  apparent, — 

1.  In  the  destruetion  ^  life* — No  species,  either  in  £urope  or 
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America,  is  yet  ascertained  to  have  lived  througli  the  iiitervul  into 
the  Mammalmn  age.  Moreover,  very  many  of  the  genera  and  some 
hrge  fiunilies  of  species  abounding  in  the  Chalk  are  afterwards  un- 
known, as  has  been  already  illustrated. 

2.  In  duir&uikn  ^  iKe  Cretaeeonu  hed»,  at  eaninuled  tpUh  Mow 
^  the  succeeding  age. — ^The  Cretaceous  seas  covered  the  summits 
of  parts  of  the  Bocky  Mountains  and  Andes.  These  lofty  ranges 
have  since  been  raised,  and  in  part  the  elevation  took  jilaee 
before  the  epoch  of  the  Tertiary,  wljose  marine  Ixds  lie  at  tlu>ir 
base.  Vast  additions  were  thus  made  to  the  continents.  From 
similar  evidence  it  is  known  that  tlie  Pyrenees  and  Car|)athian9 
were  raised  into  existence  in  the  early  Tertiary  ;  and,  while  the 
Alps  were  in  part  of  much  later  date,  dislocations  and  elevations 
in  the  French  Alps  {M<nmt  Vuo  system  of  De  Beaumont)  and  the 
southwestern  extremity  of  the  Jura  are  traced  to  the  middle  or 
elose  of  the  Cretaceous.  The  surfoce  of  the  Chalk  of  England  is 
described  as  bearing  marks  of  very  extensive  denudation,  proving 
its  elevation  lUwve  the  ocean  in  which  it  was  formed  before  the 
Tertiary  beds  were  deposited. 

The  evidence  thus  far  collected  is  suflicient  to  sustain  the  state- 
ment that  the  epoch  following  the  close  of  the  ^Icsozoic  era.  like 
that  after  the  Palieozoic,  was  one  of  revolution,  and  that  tla;  dis- 
turbances ended  iu  extuusive  additions  to  the  dry  land  of  the 
globe. 

But  there  b  no  reason  to  believe  that  the  revolution  was  the 
result  of  an  instantaneous  movement.  It  was  probably  slow  in 
progress,  like  others  that  had  preceded  it,  and  may  have  occupied 

a  long  age.  Moreover,  this  era  of  disturbance  was  continued 
through  the  Tertiary  period,  during  which  the  Pyrenees,  Alps,  Apen- 
nines, Himalayas,  and  other  mountains  reached  nearly  to  their 
present  altitufie  above  the  level  of  the  ocean,  and  the  continents 
attained  in  j.'eneral  their  full  extent. 

The  relative  positions  of  the  Cretaceous  l)eds  and  marine  Ter- 
tiary in  North  America  (see  map,  p.  133)  afford  data  for  estimating 
the  change  of  level  after  the  ICesostne  era  on  the  North  American 
Continent.  In  this  way  we  learn  that  on  the  Atlantic  border  the 
change  was  slight,  and  in  general  there  was  no  upward  movement ; 
for  the  Tertiary  formation  mostiy  coven  the  Cretaceous.  On  the 
Gulf  border  in  Alabama  the  rise  could  not  have  exceeded  100  feet; 
along  the  Mississippi,  towards  the  mouth  of  the  Ohio,  it  may  hare 
been  275  feet :  and  about  the  head-waters  of  the  Mississippi,  the 
great  central  plateau  of  the  continent,  1700  feet. 

West  of  the  Mississippi,  as  aii'eady  stated,  the  changes  were 
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great,  raising  oat  of  the  Ma  a  large  piirt  of  the  Roeky  MountaiB 
region.  About  Santa  Fe  in  New  Mexico,  the  Gretneeoua  beds  are 
6000  and  7000  feet  above  the  sea ;  near  Pike's  Peak,  4500  feet ;  a( 

Deer  Camp  on  the  North  Platte,  nearly  COOO  feet;  on  the  TU^'  Ilocn 
Mountains,  00l)0  to  70J0  feet;  about  Fort  Benton  on  the  U|»|)er 
Missouri,  and  westward  along  the  base  of  the  mountains.  4:H»i>  to 
GOOD  foet  ;  in  t\u^  vicinitv  of  the  Wind  Kivi-r  Chain.  GSi>.>  feet. 
Ilcnro,  the  whole  rise  since  the  clo^*'  of  the  Cretaceous  about  ihe 
central  region  ol"  the  Uocky  Mountains  lias  amounted  to  nearly 
7000  feet ;  and  from  this  it  decreased  eastward  towards  the  Mistfla* 
sippi  and  westward  towards  the  Pacific  What  part  of  thiri  derar 
tion  in  these  mcuntainnregions  took  place  immediately  after  the 
Mesosoic  era,  and  how  much  later,  i»  not  easily  ascertained.  Part 
was  unquestionably  of  later  date,  as  Haydcn  has  shown.  This  sub- 
ject comes  up  again  under  the  general  observations  on  the  C<M»07,oic. 

The  elevation  of  the  great  plateau  appears  to  have  been  n  <ira- 
dual  upward  movement  without  iiuuh  disturbance  of  the  rocks. 
Through  .'{1)00  or  4  JOO  feet,  nearly  to  the  base  of  the  summit-m<.un> 
tains,  as  llaydon  o')ierveH,  the  beds  are  nearly  or  quite  horiacontoL 
Bat  along  the  sides  of  the  mountains  there  is  some  dip,  thou^ 
usually  small.  On  both  the  east  and  west  sides  of  the  Wind  River 
Chain,  and  about  the  Big  Horn  Mountains,  the  dip  does  not  exceed 
one  or  two  degrees.  West  of  the  Black  Hills,  however,  and  in 
some  other  localities,  the  beds  incline  lO*'  to  25°. 

Ciusr.t  of  t/ii' Thsfntction  of  L'>fc. — The  comjilete  extermination  of 
Hpeeies  at  the  close  of  the  Cretaceous  pfiiotl  has  not  been  fully  ex- 
plaineil.  It  was  j)rol»aldy  cunnecteil  with  the  great  changes  of 
level  which  took  place  at  the  time,  as  has  been  shown,  over  the 
Eastern  and  Western  continents.  The  elevations  to  the  north  may 
have  been  even  greater  than  has  been  supposed;  for  elevations 
do  not  leave  as  indubitable  a  record  as  subsidences.  In  North 
Ainerica  there  are  no  Tertiary  beds  known  north  of  southern  New 
England  on  the  east,  and  none  in  the  Arctic, — indicating,  appa- 
rently, that  the  whole  area  was  above  the  sea  then,  as  now.  The 
emergence  of  the  continents  would  have  extinguished  the  lite  of 
the  contiiK'utal  sea.H ;  and  a  large  increase  of  land  in  the  higher 
temperate  and  polar  regions  would  have  given  completeness  to  the 
destruction  by  causing  a  colder  temperature  in  both  the  air  and 
the  WAters.  It  is  therefore  most  probable  thai  the  destruction  was 
due  (1)  to  the  more  or  less  complete  emergence  of  the  continents 
and  accompanying  elevation  of  mountain-ranges;  and  (2)  to  a 
change  of  climate  and  oceanic  temperature, — both  the  aur  and 
oceans  being  rendered  colder  than  in  the  Mesoaoio  «ra. 
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IV.  CENOZOIC  TIME. 

It  has  "boon  observod  that  boforo  tho  closo  of  tlio  Mosozoic  the 
nKxhovul  foatures  of  tho  ora  uoro  nlreatly  passing  nway.  The 
Cjrcatls  had  begun  to  give  phico  to  (.)aks,  Willowx,  and  Pahns  ;  the 
tndent  tjpe  of  Ganoidis  to  Salmon,  Perch,  and  Herring ;  and  the 
conk,  Echini,  and  sheik  were  in  a  great  degree  allied  to  those  of 
existing  seas,  though  all  of  extinct  si)ecie9.  But,  notnrithstanding 
these  progressing  changes,  the  Mesoswic  aspect  continued  on  to  tlie 
md,  ai>i>oaring  prominently  in  the  multitudes  of  Ammonites  and 
Belemnitos,  in  tiio  predominance  of  Cestrncionts  and  Ganoids 
among  iiiiheif,  and  in  tho  supromnoy  of  tlio  great  class  of  Reptiles. 
Even  the  little  Mammals  which  ai)j)eared  among  the  Reptiles  boro 
the  mark  of  tho  a^o  ;  for  tlio  Inr^icr  part,  at  least,  approximated  to 
the  oviparous  Roplilo-i  and  Birds  in  being  themselves  of  a  semi- 
oviparous  type,  the  Marsupial. 

But  these  Mammals  were  prophetic  species;  and  with  the 
epening  of  a  new  era  the  Reptiles  dwindled  in  numbers,  variety, 
end  size,  and  Mammals  in  their  turn  became  the  dominant  race. 
At  the  same  time,  types  much  like  those  of  the  age  of  Man  were 
mnUiplied  in  all  departments  of  nature.  As  the  era  advanced,  the 
first  of  living  species  ap))ear(  (I, — a  few  among  multitudes  tliat  be- 
came extinct,  and  afterwards  a  larger  proj>ortion;  nn<l  before  its 
close,  nearly  all  kinds  of  lif«\  excejitinj;  Mammals,  wore  identical 
with  tho^io  of  the  present  era.  As  tho  Pahoozoit:  or  anciciit  lilo  was 
followfd  by  the  Mosozoic  or  Medieval,  so  now  there  was  Jis  marked 
a  change  to  the  Cenozoic  or  m\  nt  life  and  world. 
Cenozoic  time  embraices  only  a  single  age,  the  age  of  Mammals. 

MAMMALIAN  AGE. 

The  age  of  Mammals  is  divitlod  into  two  periods:— 

1.  The  Tbrtiarv,  in  which  all  Uie  MammalUin  species  are  extinct^ 
and  the  projxirtion  of  living  Invertebrates — Radiates,  MoUuska, 
ArticulatOB  varies  ftiom  none  in  the  early  part  of  the  period  to 
90  per  cent,  in  tiie  latter  part. 

2.  The  Post-Tertiary,  in  whioh  nearly  all  the  Mammalian  species 
ne  extinct,  but  the  Invinrtebrates  are  nearly  all  living,  not  over  5 
per  cent,  beinir  extinct. 

The  name  Tertiary  is  a  relic  of  early  geological  science.  When 
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intrcKlucod,  it  was  preceded  in  tlie  system  of  history  hy  Primary 
and  Secondary.  The  fir!<t  of  these  terms  w;i>  tlirown  out  wlien  the 
crystalHne  rocks  so  called  were  proved  to  belong  to  no  particular 
age, — though  not  without  an  ineffectual  attempt  to  nilwtitnte  it 
for  Pakeoocuc;  and  the  seoond,  after  use  for  a  whUe  under  a  re> 
stricted  signification,  has  given  way  to  Mesosoic  Tertiary  holds 
its  place  simply  because  of  the  oonvenienoe  of  continuing  an  a^ 
oeptedname. 

L  TEBTIABY  F£KIOD  (19). 

Epochs.— The  Tertiary  has  not  been  sattslhetority  divided  into 
epochs  either  in  America  or  Europe.  This  arises  fifom  the  fact  that 
in  this  later  part  of  the  Earth's  history  the  changes  in  progress 
were  of  a  less  comprehensive  or  more  local  character  than  in 
earlier  time.  Consequently,  the  subdivisions  often  Tary  widely  on 
different  parts  even  of  the  same  continent. 

Lyi'll  lias  divided  the  beds  into  three  series,  according  to  the 
pro]»ortion.s  ol  living  .s|)ecics  : — 

1.  EotEXE  (from  lywf,  dawn,  and  mivo^,  recent,  the  same  word  from 
which  Cenozoic  is  derived) :  species  all  extinct.  (When  the  t^m 
was  introduced,  5  or  10  per  cent,  were  supposed  to  be  recent) 

2.  UiociNB  (from  fuuw,  leu,  etc.):  10  to  40  per  cent.  Unog 
species. 

3.  FuocBNi  (from  wXttuv,  more,  etc.) :  50  to  90  per  cent,  living. 
But  these  proportions  are  not  capable  of  general  application.  It 

is  possible  that  beds  in  America  containing  all  extinct  species  may 
be  synchronous  with  those  of  Euroi»e.  in  which  there  are  ten  or 
fifteen  species  of  recent  sliells.  Moreover,  not  even  the  subdivisions 
in  diflerent  parts  of  Europe  can  be  made  to  correspond  to  the»e 
epochs :  still,  they  are  convenient  terms  for  Lower,  Mld<llr,  and  I'ppcr 
Tertiary,  and  with  proper  caution  may  be  used  to  the  advantage  of 
the  sotenoe. 

1.  AMERICAN  TERTIABT. 

Epochs: — 1.  Claiuorne,  or  that  of  the  Tertiary  beds  of  Claiborne, 
Alabama;  2.  Jacksom,  or  that  of  the  beds  of  Jackson,  Misi^i^sillpi ; 
3.  VicKSBUBO,  or  that  of  the  beds  of  Vicksburg,  Kiss.  The  species 
of  animals  of  these  three  epochs  are  all  extinct,  and  the  beds  bate 
been  referred  to  the  Eocene,  4.  Yobktown,  or  that  of  the  beds  of 
Yorktown,  Virginia,  in  which  fifteen  to  thirty  per  cent,  of  the  spe- 
cies arc  living, — ^usually  called  Miormr.  5.  Si  mter.  or  that  of  the 
beds  of  Sumter  and  Darlington  districts  of  South  Carolina,  in  which 
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forty  to  Bixty  per  cent,  of  the  fossils  are  living  species,— called 
aiso  Pliocene, 

X.  Roolai:  kinds  and  dtetribotlon. 

The  Teftiaiy  areas  on  the  map,  p.  133,  are  lined  obliquely  from 
the  left  above  to  the  right  below;  and  the  fresh-  and  brackish- 
water  Tertiary  which  ooouis  on  the  slopea  of  the  Rocky  M^^^ntwn^ 
is  distingaished  from  the  mBowe  by  a  more  o|>en  lining. 

The  general  distribution  of  the  beds  is  similar  to  that  of  tlio  Cro- 
taoeoos.  On  the  Atlantic  border  the  most  nortlierly  point  is  Martha's 
Vineyard.  In  N»nv  Jersey,  and  to  the  south,  through  Maryland, 
Virginia,  and  the  Carolinas,  thoy  cover  a  narrow  coa^t-region  ;  and 
from  South  Carolina  they  spread  westward  along  the  (Tuff  ftonfcr, 
the  inner  limit  of  the  region  being  about  KH)  miles  froui  the  (iulf 
in  Alabama,  and  150  to  200  in  Texas.  Along  the  Mississippi  River 
the  Gulf  border  region  extends  northward  to  soothem  Illinois. 

Unlike  the  Cretaceous  formation,  the  marine  tertiary  strata  do 
not  cover  the  Missouri  region.  Isolated  brackish-water  deposits 
(detormined  to  be  such  by  the  fbasils)  are  Ibund  over  parts  of  it, 
and  a  great  fresh- water  Tertiary,  sometimes  called  a  Lignitic  forma- 
tion, spreads  wi<l(  ly  over  tho  western  plateaus  or  slopes  of  the 
Rooky  Mountains  hotli  nort  ii  and  south  of  the  Upper  Missouri  (dis- 
tantly-lined areas  on  the  map,  ]>.  I'-V-V). 

Mai-ine  Tertiary  beds  occur  also  on  the  Pacific  coast, in  California 
and  Oregon. 

The  Tertiary  strata,  as  implied  above,  are  either  of  fresh-water, 
brackish-water,  or  marine  origin,  and  they  often  vary  greatly  in 
character  ftvm  mile  to  mile.  Instead  of  great  strata  of  almost 
continental  extent  and  uniformity,  as  in  the  Silurian,  there  is  the 
diversity  which  is  found  among  the  modem  formations  of  the 
coast. 

Tbeae  modem  formations,  now  in  progress,  should  be  studied 
in  order  to  an  understanding  of  the  Tertiary.  In  one  spot  there 
arc  mud-beds,  with  oysters  or  other  moUusks  ;  in  another 
region,  great  estuary  flats  ;  a  little  higher,  on  the  same  coswt 
perhaps,  aeeumulations  of  beach-sands  with  worn  shells,  changing 
in  character  every  few  rods.  In  another  region,  coral  lime- 
stones are  in  progress,  as  off  the  Florida  coast;  and  on  other 
shores,  ooarse  shell  limestones.  Still  further  to  comprehend 
the  diversity  in  the  deposits,  it  is  necessary  to  remember  that  by 
the  throwing  up  or  removal  of  embankments  on  coasts,  or  by 
change  of  level,  salt-water  marshes  or  estuaries  may  become  brack* 
ish-water,  or  wholly  fresh-water,  and  the  reverse, — each  change 
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being  attended  with  »  change  in  the  living  species  of  tho  waien, 
encroaching  freah  waters  destroying  the  marine  species,  and  so  oa. 
By  considering  carefully  all  the  Tarious  conditions  incident  to  a 
coast  from  these  sources,  the  ever-varying  character  of  the  Tertisiy 
beds  will  be  approoiuted. 

The  rocks  are  of  the  following  kinds:— ^ircilc  <^ sand  or  WS^y,  bo  soft 
as  to  be  easily  turne<l  up  by  a  ^hi)vel  ;  cfm/mcf  sandstones,  useful  for 
a  V»uil«ling-^tone,  thou^li  not  very  hard  ;  x/ir'l-/>,i/s  of  locwo  shells 
and  i.'arth.  tho  shells  sonieiunes  unl»roken,  in  oilier  iu>es  wator- 
worn  ;  sfull-rocks  and  raicartous  sandstones,  consisting  of  pulverize<i 
shells  and  corals  iirndy  cemented  and  good  for  building-t>tone,  as 
at  St.  Augustine ;  marU,  or  clays  containing  carbonate  of  lime  from 
pulverised  shells,  and  hence  effervescing  with  the  strong  acids; 
empaet  toM  Gmutonu^  sometimes  oolitic  in  structure ;  buhntone,  a 
cellular  siliceous  rock,  valuable  for  millstones,  as  in  South  Csro- 
lina.  The  clays  and  sand-beds  often  contain  lignite  (or  brown  cosl 
derived  from  vegetation),  and  are  then  called  JAgiute  bccU. 

Although  tho  Tertiary  rocks  nre  generally  less  firm  than  thos© 
of  the  i*alu'o/oic,  there  aro  in  some  places  hard  slates  and  sand- 
stones not  distinguishable  from  the  most  ancient.  Sudi  rocks 
occur  ia  Californi »,  in  the  vicinity  of  San  Francisco;  and  it  has 
been  suspected  that  some  crystalline  rocks  of  the  region  arc  altered 
Tertiary  strata. 

There  are  also  beds  of  whitish  earthy  or  chalky  aspect,  which 
consist  of  siliceous  Infusoria^  and  othcrs^of  the  shells  of  Bhisi^ 
pods. 

C'liift  irnr,  J<fl:*  >»,  and  Vi<-h*hnrrj  Epoch*. — Enrew. — The  Tcrtinry  beds  which 
contuin  only  extinct  species  of  fomWa,  and  aro  (hercfurc  called  Euccue.  occur  in 
Maryland,  Virginia,  North  and  Sjuth  Carolina,  and  tho  Statc«  bordertog  oo 
the  Unir  of  Mexico.  Ths  beds  of  tbo  seTerd  epoobs  are  best  dbplsyed  mi 
most  dt.^tinct  in  Mist-sissippi  and  Alabama. 

The  beds  of  the  Cfnihnrue  epoch,  or  Lf>wcr  Eocene,  well  developed  aHoat 
Claiborne.  AInhauia,  consist,  bc^inninj;  below,  of  (1)  Clay,  2j  feet,  overlaid  by 
a  bed  uf  lijHiic,  4  fcot;  (2)  Marl  with  oysters  (0.  »ell*j'nrmi»)\  Marly  sr»- 
aaeeons  IfoMStono';  (4)  MsrI  with  OTSlen;  ($)  Ssad  wUh  sboUs  partly  sbowtif 
a  beaoh-ori;;in,  often  called  the  "  Oraage<««ad**  groap  in  Ibe  mgioa.  Wbds 
thirknr-<s,  about  125  feet. 

In  Mi^.«is!«ip|ii,  nccorclinT  to  Ililc'nrd,  there  nre  fl)  the  Northern  Lt'yu^tir 
group,  con^tftin^  in  .some  places  ot  ba«c,  of  ^inall  estuary  depoaita  with  maria* 
•bettr,  and  above  of  clays  aad  sands  witb  Lignite  and  AksH  leaves,  eewiiags 
larj^e  part  of  the  nortbera  half  of  the  State ;  aad  the  LignlHe  gronp  of  N.  Lea- 
derdftlc. — tho  latter  overlaid  by  (2)  SilioeouR  Claiborne  bcd>.  sandstonrs  and 
clay8tonei>.  in  Lauderdule,  Ne\Tton.  etc.,  near  middle  of  western  hsH  "f  th« 
State;  (3)  Liyuidc  clays  uf  H.  Clarke  co.;  (4)  Calcareous  beds,  whito  aad 
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Mttish  marls,  the  Ibnnar  ofleB  indurated,  with  namcrous  shells,  io  Clarke  co., 
■Mill  of  the  pneadlng.  Wboto  thieknei^  4SS  feet 
In  Tennesfee,  thtm  wt9,  below,  bede  of  vand  {oranfft-nnd  •!  nrt»Mf  ttom 

tittrnti  n  <>f  the  <>xy«l  of  iron)  with  some  clay, — tho  Pnrter't  Creel-  grmp,  200- 
SOO  feet  thick;  an<i  oscr  tht-so  layi-rs,  -:iinl-hc<ls  containing  Lignitr,  the  />a- 
framye  group,  300— lOU  fe«t  thick,  covertug  a  lurgo  area  in  western  TenncMee. 
(Sefford.) 

Reer  t^mleeloii,  8.0^  (1)  Bahntoae  beds,  44M  feet;  (1)  White  lineetone  and 

■■lit,  called  the  Snntcc  bods.  A  Bobrstono  of  the  snmc  a;;o  occudi  also  in 
Ocoririn  and  Alabama.  Tho  epoch  is  represented  also  near  Fort  Wa^hineton, 
Pucatawuy,  and  Fort  Marlborough,  in  Marjland,  and  on  the  Pamunkejr  at 
MMilbunie,  moetlj  by  dwrk^greoD  ■uida.  * 

In  the  Upiier  MlMoari  regioii  theie  is  »  greet  Lignite  groap,  SOOO  feet  or 
■ere  thick,  which  contains  ranch  Lignite,  numerou!'  tcavcs  of  plnnts,  and  occa- 
sionally in  its  lowest  part  fihells  of  brnckich-wattT  Mollujiks,  as  Otfutem,  Cm  hi. 
chIk,  etc.,  mingled  with  fresh-water  spccicB,  Vitipnrm,  Mclaniie,  etc.  (figs.  803- 
my.  It  oeenre  about  Fort  Union,  eztende  north  Into  Britlfh  Ameriea,  end 
•0«th  to  Port  deitei  also  on  the  North  Platte,  abore  Fort  Laramie^  on  the 
««t  iide  of  Wiad  ftlTMr  Monntala^  aad  Into  Gieen  Blrtr  Valkj.  (Meelc  * 
Hajden.)  « 

A  Liynite  formation  of  Eocene  age  occurs  also  in  Texas.  (Shumard.) 

Jm  CaUlbmla,  the  Claibome  epoeh  la  repieeented  at  the  Oallada  do  lai  UTai^ 
anr  the  aouth  eactremltjr  of  the  Tnlare  Talley,  where  the  Cardikt  pfaat'eoafe,  or 
a  tpeeies  near  it,  oconrai 

The  beds  of  the  Jnehton  epoch,  or  Middle  Eocene,  as  obwrved  at  Jnckson, 
Miss.,  are  (1)  Liynitic  clajr;  (2)  White  and  blue  marls,  the  former  often  inda- 
rated,  with  auMfOOt  mmtko»  abelli  and  vemaiae  of  the  JBWiylerfdii.  Tbey  croM 
tie  Stale  ae  n  narrow  band  mnnlng  S.S.B.  throogh  Soott  and  Jaekeon  eoa. 

Whole  thickness  SO  feet.  (Hilganl.) 

The  hcdd  of  tho  Vlcknhnrff  epoch,  or  Upper  Eocene,  as  represented  at  Vicks- 
barg,  Mi:(:!.,  aro  (1)  Lit/nitic  olay,  20  feet;  (2)  Ferruginous  rock  of  Red  Bluff, 
with  numerous  marine  fuaaila,  12  feet;  (3)  Compaet  limestonei  and  blue  marli, 
with  aMVino  Ibaalli,  often  ealled  the  OrMtoldM  lAneaiowe,  80  ftei:  In  all,  lUt 
UtL  A  narrow  band  crosses  tho  State  Jnat  south  of  the  Jackson  beds,  from 
Vick^ibarg  on  the  Mississippi.  ThcMc  are  overlaid  l>y  150  fi  ct  of  the  "  Smifhem 
Liijm'tic"  or  "  Gntntl  Gulf"  proup  of  clay,  siandstonr,  and  loose  sand,  with  some 
gypsum,  occurring  about  Urand  Gulf,  on  tho  Mississippi,  and  covering  the 
laifer  part  of  the  ionthera  portion  of  the  State.  (Hllgard.) 

Tho  VMtalMirg  group  la  met  with  In  Alabama,  in  Monroe,  X^Iarke,  and  Wash* 
ington  COS.,  and  constitutes  a  limestone  bluff  at  St.  Stephens  on  the  Tombeckbee; 
limestone  at  Tampa  Bay,  Florida:  ^ray  marl  on  tho  Ashley  and  Cooper  Rivers, 
fioath  Carolina,  abounding  in  Rhixopods,  and,  along  with  the  Sauteo  beds, 
kring  a  thiekneia  of  dM  to  700  fbet 

im  tho  Upper  Minwaif  loglon,  there  ara  ftaah.water  beda  1000  Ibtt  thkk,  eon- 
sisting  of  white  and  drab  clays  with  some  layers  of  sandstone  and  local  bedt 
of  litnci'tone,  which  are  either  of  tho  Vickfiharg  or  Yorktown  epoch.  They 
occnr  in  tho  Bad  Lands  (Mauvaixes  Tenres)  of  White  River  (whence  they  have 
be«u  called  the  White  Biter  group  by  Meek  A  Hayden),  oa  the  Niobiar%  aad 
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aoron  the  eonatrj  to  tb»  Platto  Bivw.  Tkajwt  tli»  tarial-plaM  oTtke  ICtaw* 

fAeriiim  and  other  extinotTtvtiuy  MiBiBali, aad  oontain  alto  »  few  ftwk-irailOT 

ahelU  of  fxtiiwt  «prcio.s. 

Tho  be<ls  arc  reicrrt'd  to  the  Miocene  by  Lcidy. 

There  are  also  in  the  Wind  River  vallej,  and  on  the  west  side  of  the 
Wiod  BiTer  Ifonataiu,  othmr  Amh-water  dtpiMits,  IMO  to  SOOO  fort  tIM 
oalled  the  Wind  River  group,  whieh  mij  be  of  the  same  og*  M  tho  above,  or 
poidblj  intomodialo  botwooB  thorn  and  tho  LigniUo  gmap,  (Meek  4 

Bayden.) 

The  age  of  aomo  of  tho  Lignite  beds  i»  not  yet  wholly  beyond  doubt.  This 
ii  tho  oaaa^  aa  Hilgaid  oboarvoiy  with  tho  Nortbora  of  Mlwiuippi,  aa  tbey  hawi 
not  boeo  toon  vadorlyiog  the  atarino  boda  with  ahoUa.  Tot  their  poaitioB  ia  the 

Stiite  between  the  Cretaceous  in  the  northeast  corner  and  the  acknowledged 
Claiborne  across  its  centre,  favors  the  idea  uf  their  beiiiL'  intermediate  in  a4;c, 
aad  sustains  Uilgard'a  urrmigeuicnt  of  theiu.    Thu  Laudcrdule  bcd«  ar«  uo- 

qaeaUonablj  tmdtr  tho  Claibomo.  Moreover,  boda  with  aimilar  foaail  leavta 
oooor  in  Aritanaaa  at  the  baae  of  tho  Tertiary  of  that  States  aa  ahowa  by  the 

aections,  and  also  in  Texas. 

The  Eocene  age  of  the  Great  Lignite  formation  of  the  Tpoer  Missouri.  2W»© 
fiMt  thick,  is  doubted  by  some.  But,  as  Meek  &  llaydcn  olt.'^ervu.  (1)  it  underliet 
the  Titanotherium  Tertiary,  and  ia  therefore  older,  and,  being  of  so  great  thiek- 
•081,  it  nnat  extend  down  into  tho  Booeno;  (9)  tho  braalEiah^watar  boda  in  iti 
lower  part,ooatainingO{y*<«'«>if<K'BaiKt  etc.,  show  that  the  deposits  were  fomed 
when  tho  (Vi  fneoous  fens  were  disappearinp,  and  changing  to  the  fre-^h-water 
areas  uf  the  later  epochs ;  (3)  the  remains  of  a  spooiee  of  JApidotut,  an  Eooene 
genus,  occur  in  the  beds. 

There  ia  n  Lignite  dq»odt  at  Brandon,  Vonnont,  aaaoeiated  wi^  a  bed  of 
Umonito  iron>ofe  and  ahonnding  in  fbaril  frnita,  flrat  deeeribed  by  B.  Hit^- 
cook.  The  plants,  according  tO  Lesquercux,  are  nf  the  same  pefiod  with  then 
of  the  Alis«i.«!<ippi,  Tennessee,  ond  Arkansas  Lower  Lignite  beds. 

The  principal  source  uf  doubt  in  uU  these  cases  comes  from  tho  foot  tliatthi 
foaail  plants,  aa  both  Lesquerenx  and  Kewberry  say,  are  moat  aaalogeai  to 
those  of  the  Bnropean  if  jbeewo.  The  goologleal  ovidenoe  that  tlMy  are  Beeeae 
appears,  however,  to  bo  too  strong  to  be  thus  set  aside;  and,  if  admitted,  the 
difference  between  Europe  and  America  as  to  vegetation  is  quite  parallel  with 
what  is  observed  in  the  Cretaceous ;  for  the  American  Cretaceous  planu  and 
the  boda  oontaining  then  hnvo  been  prononnoed  by  Bnropenn  pakinnteleglHi 
to  bo  TWrtiary,  notwithotanding  tho  atratigraphieal  inpoadbittty. 

Yorkiown  Epoch. — JfweeM. — The  Yorktown  beds  cover  a  large  part  of  the 
Atlantic  Tertiary  border,  occurring  at  (lay  Head  on  Martha's  Vineyard:  in  New 
Jersey,  in  Cumberland  co.  and  elsewhere,  and  fossils  may  be  collected  in  the 
Marl  pita  of  Shiloh,  Jorieho,  etc ;  in  Maryland,  at  St.  Mary's,  Easton,  eio^ 
oeenrrlng  on  both  aidoa  of  tho  Oheoi^oahe  tvr  n  great  distanoo;  in  Viiginla,«t 
Torhtown,  Snfblh,  Snithiald,  md  thiongh  tho  lacgor  part  of  tho  MisiT 
tegion. 

In  California  and  Oregon  tho  beds  referred  to  the  Mioecne  consist  of  »snd- 
atone  and  shale,  and  are  in  some  places  1500  feet  thick.  They  occur  near  Aato- 
lii^  on  tho  ColnnbU  BlTor  aad  Willanotlo;  at  San  Pablo  Baj,  near  San  Fkan- 
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•iteo;  is  mmf  parti  ot  the  Bas  JMqvia  mi4  TnlaM  Talltjf,  te  flw  BttrelU 

▼alley,  SanU  Ines  Moantaiat,  San  Raphael  Hills;  at  Oooya  Craak;  along  the 

flanks  of  the  Penin8ula  rnngp  in  the  latitude  of  Pan  Diepo,  etc.  Both  north 
and  south  of  San  Francisco,  on  the  coa«t,  there  are  metamorphic  slates,  partly 
talcose,  which  are  either  Tertiary  or  Cretaceoas;  and  the  tolcose  slaty  rock 
cmtainiiig  tha  QoiekailTer  niiiei,  katwaan  San  Fraadfoo  and  Moataraj  (at 
Few  Alwaiilan  and  in  that  vicinity),  is  lappaaad  to  be  part  of  the  leriea. 

The  strata  at  Qay  Head,  beginninj?  below,  arc  (1)  Clay,  filled  wiJh  Turrttelln 
^tieottatn,  Cnltintit  (Cytheren)  Snyana,  etc.;  (2)  Sand,  with  few  !thell»,  chiefly 
Toldia  (Nttcula)  limatula ;  (3)  a  sandy  bed  made  up  luoeitly  of  Crepidula  eottata  j ' 

(4)  aoaiaa  Ikrraginoiia  aaad.  Two  mllaa  off,  tha  lajrar  of  nurttMm  baa  ebangad 
to  » l^rar  of  Citpidmlm,  and  the  aooUnoation  of  tha  Crtfidmhi  lajar  ia  ftllad 

with  /VrtCIM,  VtMU^  (fiffnrmin,  Qxtrca,  ctc. 

At  a  locality  on  .JauuM  Kiver,  Va.,  there  are  (1)  a  layer  of  s*hells  of  Ptrtrn 
aad  (htrtOf  6  feet;  (2)  bed  of  Chamm,  3  feet;  {A)  bed  of  Pecteua  with  ihtrcK,  1 
Aot;  (4)  aaaond  badof  Cftaaur,  with  Art»  eeateaaWa,  Panopma  refiexa,  6  feet; 

(5)  bad  of  larga  PtetmtM,  S  faat;  (6)  aloaaly  eompaetad  bad  of  Ckawm  and  Kcaa* 

ii§orli^{»,  3  feet ;  (7)  sand  and  clay  separated  from  the  preceding  by  a  thin 

Imirof  pebbles.  But  in  other  localities  of  the  pamo  rejrion  the  beds  arc  dif- 
AtcnL  The  first  layer  over  the  Eocene  often  consists  of  pebbles  or  coarse 
aaad. 

Ona  of  tha  moat  raasarkablo  dapoiita  ia  tha  Tiri^ia  Tartiafy  ia  »  bad  of  la* 

&sorial  remains  occurring  near  Richmond.  It  is  in  some  places  thirty  foot 
thick,  and  extends  from  Herring  Bay  on  the  Chesapeake,  Md.,  to  Petersburg, 
Va.,  or  beyond,  and  is  an  accumulation  of  the  siliceous  remains  of  microscopic 
organisms,  mostly  Diatoma.  Soma  of  tha  Iwaatifal  fonaa  are  represented,  much 
■Higaillad,  in  flf  .  79S  B.  Thaaa  bads  have  baaa  rafarrad  both  to  tha  Mioeaaa 
and  Eocene :  thay  an  oallad  Boeana  by  Profaiaor  Rogers  after  an  axaaiaatloB 

of  the  region. 

A  still  thicker  bed — exceeding  fifty  Icct — cxLit.-?  on  tlic  I'aoitic  at  Monterey; 
the  bed  is  white  and  porous  like  chalk,  and  abounds  iu  siliceous  organisms. 

Smmur  iPjpoeL— Pfioesne*— The  beds  of  Um  Svmter  epooh  oeear  la  North  aad 

Sooth  Carolina,  exfon<ling  south  as  far  tbf  E'li!»to  River.  They  contain  forty 
to  sixty  per  cent,  of  living;  .-jn'ciec  f)f  «bc!I'-.  i  Tinnney  k  Holmes.)  The  bcils  aro 
soft,  either  loam,  clay,  or  sand,  and  lie  iu  depre^isious  of  the  older  Tertiary  and 
the  Ciataaenna  formaUoas.  Unless  these  beds  an  tha  eqaiTaleats  of  the  Ttv^ 
fiaia  Miooeae,  they  an  aot  npreaeated,  aa  fkr  aa  aow  kaowa,  ia  Virgiaia  or 
farther  north.    No  beds  of  this  epoch  have  beea  nported  Aram  the  Oulf  States. 

In  the  T'pper  Mis«miri  n'srinn  the  White  River  group  is  overlaid  by  other  fresh- 
water Tertiary  bch,  ;}<)0  to  400  feet  thick,  called  by  Meek  &,  Haydcn  the  Loup 
River  group.  They  contain  in  their  upper  part  the  remains  of  numerous  ez- 
thMi  MaiBMals^  iaeladiag  Canals,  Rhinoeeroses,  Blephaats,  ale.,  besides  laad 
aad  fresli-water  shells  which  an  probably  of  recent  -|<ccicA.  Then  beds  ooenr 
on  the  Loup  Fork  of  the  Platte,  and  stretch  north  to  the  Niobrara  aad  SOatb 

bsyoad  the  Platte.  Zbe  fossils  are  sappoied  to  be  of  Pliooene  age. 
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n.  Life. 


1.  Plants. 

1.  Protophjtcs, — About  one  hundred  species  of  Diatoms  have  been 
described  by  Ehrenberg  and  Builey  from  the  Infusorial  stratum 

Fig.  7l»2  B. 


RicnMOXO  iNrusoRiAL  Earth. — a,  PinnnlnrU  porcp-ina;  6,  o,  Fmpilatia  pintiKta:  rf,  Ormm- 
mntoplutra  ori-nnic;i;  r, iip(>ngiolitlii<i  u|i|>oiiiJiculnlH  ; /,  Gnllioiirlln  Hukata;  tniosvervr 
vlow,  ill.;  /«,  Aclinocycluit  bioctomttitu:  i,  Coiiciiio«li»cus  MpkuUtiu:  Tricvrntiiiiu  obta- 
sum:  AcUnoptychiin  l>ltcrn:ii ins:  /,  Dictyiiclm  Crnx;  m,  Dictyiicha;  «,  friij;iu»i»t  of  a 
•tcgineiit  of  A<  tinoptycliU8  8i'iiiirhi« ;  o,  N»vicu1a;  />,  fragment  of  Ctwcinodihcu^lii.;!**. 

of  Richmond,  besides  a  few  Polycystincs  (siliceous (Protozoans) and 
many  si)ongc-spicule.s.  Fig.  792  B  represents  a  jK)rtion  of  the 
earth  as  it  appeared  in  the  field  of  view  of  Ehrenberg's  microscope. 

2.  Anrfinsprnns,  Cniii/ns,  Pahis. — Leaves  of  plants  have  been  gath- 
ered from  the  Lignito  bodt  of  ^fissisxjppi.  the  older  Eocene  of  Hil- 
gard ;  from  the  similar  beds  of  Arkansas,  and  those  of  the  Upj  er 
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Missouri,  abo  older  Eocene;  from  a  bed  of  Lignite  at  Brandon, 
Vt. ;  and  from  Bellingham  Bay,  Vancouver's  Island,  on  the  Pa- 
cific. Among  the  plants  are  species  of  Plane-tree,  Oak,  Poplar,  Maple, 
Hickory,  Dog-wood,  Magnolia,  Cinnamon,  Fig,  Conifers,  Palms,  etc. 
Palm-leaves  have  been  found  as  far  north  as  the  U]>i>er  Missouri 
region.  Specimens  collected  by  Uayden  are  of  the  fan-palm 
family, — a  species  of  Sahal, — and  one  louf  wlien  entire  must  have 
had  a  spread  of  twelve  feet. 

The  plants  of  the  beds  of  Mississippi,  the  Upper  Missouri,  and 
other  localities  meiitioued,  are  closely  related,  according  to  both 


Figa.  793-797. 


Fig.  7Ki,  QnercuB  mjrtiroIU? ;  794,  Cinnatnomum  Mi8>ii8<ilppicnM)';  795,  Calamop«i«  Dftnin  : 
798,  Faku*  fern>Kiu«n  ? :  797,  Carpolithcs  irreguUrin. 


Lesquoreux  and  Newberry,  to  those  of  the  Miocene  of  Europe,  and 
are  also  much  like  those  of  the  present  era.  It  follows,  then,  if 
the  order  of  the  beds  is  correctly  determined, — as  can  hardly  be 
doubtetl. — that  the  forests  of  the  American  Eocene  resembled 
those  of  the  European  Miocene,  and  even  of  modern  America. 

Among  the  genera  of  the  older  Lignite  beds  distinguished  by  Lcaqtiercux  »nd 
Newberry  »re  (1)  Anyiotptrmt, —  Queretu,  Catya,  Pnpulut,  Acer,  Monn,  Cnrpinu*, 

34 
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Fig.  797  A. 


Bhammiu,  Ttrminali'a,  Magnolia,  Smilax,  Cinnamomtmf  (S)  Coni/er$f—lhffa, 
Stqttoia,  Taxoilium,  Ol^plo»trobii»  ;  (3)  PaUnt, — Snhal,  Calnmnptit. 

Fig.  793,  Qutrcut  mjfrti/ulia  (?),  from  Summers  illo,  Tennessee,  the  Lagraoge 
group  of  Sftfford ;  fig.  794,  (^*iuMMioai«M  Mitifip- 
pi0im  LMix«f  flrom  Minisdiipi,  nortliMii  LigniUo 
group, at  Winston ;  flg.  795,CataMop»i»  Danm  Lsqx., 
from  Mississippi,  northern  Lignitic  Rroup,  in  Tip- 
pah, Lafajette,  Calbuun ;  fig.  796,  nut  of  J-'agus 
/errugmm  t  from  Clw  Lagrange  group  of  Tciuni- 
■ee ;  flg.  1VI,  Carpolilk§a  imgtUaHt  Laqx,,  from  tho 
Brandon  Lignite  b«d;  fig.  797  A,  Carpolithe»  Firan- 
donentit  Lsqx.,  tho  mo.xt  nhnmiant  of  tho  Brandon 
nata,  natural  site.  Tho  kind  of  plant  producing 
thoM  two  fkniti  ia  undetermined.  Among  tho 
otiior  Braadon  ftulUi  LoiqaoMiix  baa  tooogniaod 
the  gonem  Carya,  F<agm$,  Aritlolochta,  SapiHdiUp 
Ciimamomum,  lUit  inm,  CarphtmttmAIfjfMa,{AiaiU» 
Jour.  Sci.  [2]  xxxii.  35.5.) 

The  plants  of  the  Lignite  bed  of  Lftodordale 
(whieh  b  diitinotly  orerloid  by  tbo  Olaiborno 
Booeno)  "tboir  the  greatest  afitnitj  with  species  of  oar  tHwub,  sad  an  upfumOf 
of  aa  raeont  an  apooh  aa  tho  fraita  of  Braodon."  (LaaqaanwK.) 


OarpoUtlMa 


2.  AnimaU,  * 

Among  Proteins,  Rhizopods  are  very  numerous  in  some  of  th6 
bods,  as  in  the  Ashley  Eocene  in  South  Carolina.  The  coin-shap6 
fossils,  Nummu/i(es  and  Orf,t(ni(Ut,  especially  species  of  the  latter^ 
aV)ound  in  the  Vicksburg  beds. 

The  litviuites  comprise  Corals  and  Echini  partly  of  modem 
genera.  The  Molluska  embrace  species  of  Oyster,  Venus  (clam), 
Chama^  Area,  Votuta^  Cyprtta,  and  other  modern  genera,  Val  no 
Bnohiopoda  except  TerebratuUdt  and  DiBdnm,  and  no  Cephalopods 
bat  species  of  NauHUu,  There  are  numerous  land  and  fresh-water 
sheila  in  the  beds  of  the  Upper  Missouri  region. 

Of  ArHeulatet,  there  are  Crabs  and  Insects  of  nearly  all  the  modem 
tribes,  excepting  the  higher  group  among  Crabs,— the  ICaioid,  cr 
Trian^»ular. 

Verlebratrs  are  represented  by  remains  of  Fishe.s,  Reptiles,  Bird^. 
and  Mammals.  The  fishes  are  of  the  order  of  Teliosts.  and  the 
family  of  Squalodonts  among  Sharks.  The  teeth  of  the  latter 
(see  figs.  465-467,  p.  277)  are  exceedingly  abundant  in  both  the 
Eocene  and  ICiocene ;  and  some  of  the  triangular  teeth  of  drcAart- 
d9n  m^ffolothn  are  six  and  a  half  inches  long  and  five  broad  at  base. 
They  are  found  at  Gay  Head,  as  well  as  in  the  Stotea  south  and 
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southwest.  Tho  abundance  of  Shark«'  teeth  is  proof  of  the  groat 
numbers  of  sharks  in  the  wat(Ms.  and  also  of  tlie  durability  of  their 
teeth.  The  age  Wiis  the  time  oi  culmination  of  tho  order  of 
SharkB. 

The  Beptiles  embrace  species  of  Turtles  and  Grocodiles. 
The  MammaU,  in  this  age  of  Mammals,  have  a  special  interest. 
No  remains  have  yet  been  found  in  beds  of  the  Claiborne  epoch ; 

but  in  the  Jackson  beds  tiiere  are  bones  of  one  or  more  species  of 
Whale.  The  most  common,  called  the  Zrur/hdoyi  ri  /ait/,\<t,  was  pro- 
bably al>out  seventy  feet  in  length.  The  large  vcrtebrre  were 
formerly  so  abundant  over  the  country  in  Alabama  that  they  wore 
used  for  making  walls,  or  were  burned  to  rid  the  fields  of  them. 
Some  of  the  larger  v.ertebrce  are  a  foot  and  a  half  long  and  a  foot 
in  diameter.  Fig.  808  A  shows  one  of  the  yoke-shaped  teeth  to 
which  the  name  (from  ZevyXov,  a  yokey  and  o4bvc»  ioolh)  alludes.  The 
remains  occur  in  Kississippif  Alabama*  Georgia,  and  South  Ctoo> 
lina;  andaspeoios  of  the  genus  is  found  in  tho  Tertiary  of  Europe. 

The  Titanothcrium  or  White  River  beds  of  the  Upper  Missouri 
are  remarkable  for  tho  great  variety  of  bones  which  they  contain. 
R»^mains  of  nearly  forty  species  of  extinct  quadruj^eds  have  been 
alrt"a<ly  found,  throiiizh  the  labors  of  Evans,  Ilayden,  and  other 
explorers.  According  to  the  determinations  of  Leidy,  they  include 
d^t  CSsraiyores,  related  somewhat  to.  the  Ilyctia,  Dog^  and  Panther; 
tirenty'five  Herbivores,  among  them  two  Rhinoeerotea,  and  species 
approaching  the  Teqnrt  Peeeatyt  Deer,  Oamdt  Hcree;  and  four  Bo- 
dents,  species  of  the  Mouse  tribe. 

The  TUanotkere  {T^tamatherium  Proutiit  fig-  ^1^)  one  of  the  Herbi- 
Tores,  liaving  some  relations  to  the  modern  Tapir,  but  more  like 
the  extinct  Anoplothere  and  Pahvotiiere  of  the  European  Tertiary. 
One  of  the  teeth  is  represented,  half  natural  size,  in  fig.  810.  The 
animal  was  twice  as  large  as  a  modern  horse  or  tiie  largest  Paris 
Paloiothere,  and  probably  stood  seven  or  eight  feet  high.  Its  re- 
mains occur  in  the  lowest  bed  of  the  series;  and  hence,  although  so 
gigantic  in  sise,  it  was  among  the  earliest  species  of  the  Tertiary 
Iske-region  of  the  Upper  Missouri. 

One  of  the  Bhinoceroses  (R.  ocddeiUaUt  Leidy)  was  about  three- 
fourths  as  large  as  the  East  India  species,  and  another  (J?.  Ncbras- 
coMt  Leidy)  half  as  large.  Among  the  Kuminants  there  were 
several  sj)ecies  of  a  genus  called  Orcodon  by  Leidy,  intt  i mediate 
between  the  Deer,  Camel,  and  Ilog.  Fig.  818  represents  a  skull  of 
one  of  them. 

The  Va*"*"**^*  of  the  Yorktown  epoch  from  the  beds  of  the  At- 
lantic ooast»  as  ikr  as  known,  are  only  species  of  Whtdet,  IMpkmi, 
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Seal^  and  Walrus.  Martha's  Vineyard  and  other  places  on  the 
Atlantic  coast  have  afforded  bones  of  these  species. 

The  Pliocene  bed^,  or  those  of  the  Sumter  epoch,  in  South  Caro- 
lina, have  afforded  the  remains  of  a  Mastodon  and  Stc^  {Ccrvus).  In 
the  Ujiper  Missouri  region  exists  the  great  cemetery  of  the  epoch, 
and  it  is  nearly  as  wonderful  as  that  of  the  earlier  Tertiary.  From 
remains  gathered  mainly  by  Ilayden,  on  the  Niobrara  and  on  the 
Loup  Fork  from  North  Branch  to  its  source,  and  some  other  points. 
Leidy  has  determined  twenty-seven  species  of  Mammals,  all  now 
extinct.  They  include  three  species  of  Canul  (genus  Procamdus),  a 
family  before  unknown  among  either  the  ancient  or  recent  animab 
of  America  ;  a  lihinoccros  [R.  crassus)  as  large  as  the  Indian  species; 
a  ^fas^odon  (J/,  mirijicus)  smaller  than  the  M.  giyanteus  of  the  Post- 
tertiary  ;  an  Elephant,  peculiar  to  the  epoch  [E.  Imperator),  larger 
than  the  largest  before  discovered  ;  four  or  five  species  of  the  Jlorsf 
family,  one  of  which  was  closely  like  the  modern  horse  ;  a  species 
of  Deer  ( Ccrvus  Warreni) ;  others  near  tlie  ^fusk-(ker  of  Asia  ;  species 
of  Oreodon;  a  Wolf,  larger  than  any  living  species,  and  a  small  Fox, 
besides  four  other  Carnivores ;  a  small  Beaver  and  a  Porcupine.  The 
collection  of  animals  has  a  strikingly  Oriental  character,  except  in 
the  preponderance  of  Ungulates. 

0iaradenstic  Species. 

A.  Claiborne  Erorn.— 1.  Mollusks — (a.)  Conch i/er».-~T'\g.  79S,  0»rr«i 
tellr/ormU ;    0.  divaricaUt ;    (),  Vomer;    0.  panda;  Pecten  Lyelli ;  fig.  799, 

Figs.  79S-802.  .  ^ 


Fig.  T98,  OHtrea  Bollwrurmis ;  709,  CrKn<t,itcl1i\  nItH ;  800,  AiiUrto  Conradf ;  SOI,  CardiU  plani- 

cuata ;  ftO'i,  Till TitirlU  carlnata. 
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Crauatella  alta  ;  fig.  800,  A»tarte  C'lurmli  r)nna  ;  fi;^.  SOI,  Cardita  planicoita, 
fnm  CaBada  da  lat  Uras  in  Californiu,  us  well  as  east  of  the  Mississippi, 
aad  Baropa  (C  Cwb);  C,  Blmtdiugii  j  C.  rotmmda/  Cardium  NicottHi. 

— {*.)  GaHrrojHJfti.—Fig.  SM,  TurriteUa  ean'nata  Lea ;  Calyptnpkanu  (BatlU' 
taria)  velatn» ;  Pifuiloh'va  rrt»i»tn  Conrad ;  Orbit  Rotella ;  Xah'ea  jEtitet  COB. 
(Californian,  as  well  as  east  of  the  Mississippi);  Anolax  gltjnutta,  Oliiella  Ala- 
UmtMit,  MargtHtUa  larvuta,  Vnlutilithet  {  Vulula)  j^etroaa,  Corbula  giObuta, — 
(e.)  CVpAa/cjpokf.— JVavfiltfM  VamuMmi  Con. 

2.  VertebratM.— Fig.  m,  p.  277,  Xa»aa  Wcyaiw  Ag.j  flg.  487,  IToHtkmtu 

yrimiffeUtHt,  from  Richmond,  Va. 

IlrnckUh-icatrr  of  the  ry7>«r  JAfMoiin.— Figs.  803,  803  o,  Corhula  {P^- 
ttomya)  mavtri/ormia  M.  A,  11.;  fig.  804,  Corhicuin  iulermrdin  M.  4  H. ;  flg. 
814,  Umio  pnmau  IL  A  U. ;  fig.  806,  Kici^ara  rctu$a  Ji.  4  II. ;  fig.  807,  Uelama 


Figa.M3-808. 


CiwcwyWB,— Ftgn.  803,  803  a,  CorbuU  (Potomomya)  mactriforiiii* ;  fM,  CyreDo  (Corblcala) 
iatarMdla;  805,  Unio  priscw.  GAtmoMM— fflgt  800;  Vivipom  ratOM;  807,  ¥«laala 
Vabmeaaaii;  80B|  TMpara  LeaL 

IMrm»em9h  X.  A  H. ;  flg.  888,  Vivipwru  Lw4  If.  4  H.  Also,  among  Varta- 
bfate  fottila,  aaalai  of  Leptdotn*  ;  bonaa  of  Torttaa  of  tha  ganam  TWoi^Mr,  Arjiw, 

Compnemj^  g  ft  tpaciaa  of  Ci  ocfxiilun. 

B.  JapkSOX   Epoch. — 1.  Radiates  {a.)Cnrnh. — FlahrUiimWnrJrxH  Con.'y 

Enddpnrhif*  Morlurii  Lco. — (/».)  Echltiodrnui^. — Spocirs  of  Ilrini'dnfrr,  ('fi/j»n titer. 

2.  ItfoUuaka. — (a.)  Conrhijei-H  (Species  common  to  the  Jackson  and  Vicks- 
Inu-g  epoaha  ara  markad  with  *  dagger  [  f  ]  ). — YttMticardia  pimiieotta  Con.; 
K  rtimmdttf  La»;  Cbrrfiiim  IfitollHi  Con.;  Corbnla  hiearinatu  Con. ;  Leda  aiKl- 
tilimeata  Con.;  Callittn  •oftrtnaf  Con.;  CmimiUibilit  Con.;  Mnrtm  fnunntn^ 
Con.;  Ptammnht'a  I  in  tea  f  Con.  ;  f^an'ruta  Li'mnf  Con. — (6.)  Oiiitrmpndii. — Cd- 
Ijfptropkoru*  velutiu  Con.;  Cypriea  /etiettrnlit  Con.;  C.  lintea'f  Con.;  C.  aphe- 
rmidw\  Con.;  Cbaa*  (Oitt^*  Con.;  Oaatnditm  vetuHnm  Con.;  JftVra  MillingUmi 
Con.;       cfnaioM  Con.;  Voimta  dumoaa  Con.;  Anfica  Ficibr&Ni^gwiMwt  Con.; 

TnrhtHetta  HVlMMff  Con. ;  l^fn/iKiR  MiwMppien»r^  Con. 

.3.  Vertebrates — ^Toath  of  Sharlu.— Fig.  808  A,  Tootli  of  Zettglodou 
ettotdet,  natural  size. 

Oie-aUtk  of  tlia  ipoeiea  ooenr  in  tha  Viclisbarg  bads,  and  several  in  tha 
daibome. 

a  ViCKSBinie  BP0CB.--L  ProfeOIOUU.— JKAis^odt.— Fig.  818,  Orbiloidet 
JhmiMi,  smaU  ipaeiman. 


518 


CENOZOIC  TIME — MAMMALIAN  AOK. 


2.  BMiaiMtm.^«u)0»ndt,'^OeMM{U^ 

bur  J.  u-.{9£  IWrMiolta  eauli/lnu  Coa.— (A.)  ^c&MMdtraw.— Fig.  810,  CtjytKr/ 

3.  MoUuaka  (a.)    ConcA/Ar..— Figs.  809,  809  a,  Pecten  Poh^ori;  fig. 

811,  Ottrea  Georgiaiia,  one-fuurth  linear  diineusioM;  0.  VicktburjfouU  Con.; 


Fig.  808  A. 


Tooth  of  Zeugludoo  cetoide* 


ftg.  m,  Area  MimUaipptvt^  Con.;  NwUstOm  JHrnimippUwrit  Con.;  ^1 

Con.;  Cardium  diver  turn  Con. ;  Cmnnatella  JfiatiMi'ppitnnt  Con.  i  Panopma  <^ 
longata  Con. — (6.)  GattempodM. — Fijr.  814,  Fuhjnraria  J/tttinippieimt  Con.; 
fig.  815,  JJentalium  JlittUaippiente  Con. ;  also  twelve  speciea  of  FUurot<rm«t  ^^^^ 
of  Triton,  0vo  ct  MUra,  oto. 
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4.  Vertebrates  —  (a.)  Fithe:— Teeth  of  Sharks.— Fig.  466,  p.  277,  Carcha- 
tvdon  anguHideitt  Ag.;  C.  megnlodon  Ag.;  Gaieocerclo  tatidtiu  Ag. — (6.)  Itep- 
tiltt. — Crocodilua  macrorhynchua. 

At  Red  Bluff  there  is  a  stratum  between  the  Jackson  and  Vicksburg  beds. 


Figs.  809-816. 


fly.  tM,  Ppcten  Poul»onl:  WW  a,  Mction  ofMino:  RIO,  Clypcantcr?  Lyelli :  f?!!.  Outre* 
0>Btg,imiw  (V  \^):  81 'i,  Area  MiBNiKnippirnHiii:  813,  Orbituides  .Mantelli ;  814,  Fiilgoraria 
MiMiMippUluU ;  815,  Deiit«diuni  Miuiiuiiipiciue. 

containing  many  species  peculiar  to  it ;  28  per  cent,  only  are  Vicksburj:  species, 
while  6  per  cent,  arc  Jackson. 

1).  Fossils  of  thk  White  River  Onoi  p,  Upper  Missouri.— 1.  MoUuakfl. 
— Land  and  Fresh-water  shells  of  the  gcncrn  Helix,  I'Uinorbin,  Limnma. 

2.  Vertebrates. — («.)  ReptiUa.—  Tf$tndn  CulberUnnii  Lcidy  ;  T.  hemi- 
apherica  L.  T.OtceniL.;  T.  lata  L.— (/>.)  ilnmm<tU.—¥\g.  ftU,  TiUtnothtrittm 
ProHtti  L.,  one  of  the  teeth, — the  Inst  pi>stcri<)r  inferior  inolur. — half  natural  f  ize. 
According  to  Leidy,  the  genus  mo.il  resembled  the  .^noplothcrinn  Chnlieotftere. 
Fig.  817,  Rkinoctroa  Nebrnmenti^  L.,  three  po-'tcrior  superior  molars,  left  si<le, 
natural  sixe.  Fig.  819,  Orendon  gracilia  L.,  skull,  young  animal,  under  side; 
Ormodon  CHlbartaonii  L. ;  also,  according  to  Leidy,  species  of  the  gencro  Mm  hK- 
rodwa  (or  Drepanodon),  Hymnodon,  Amphicifon,  D'niicti;  Leptnntua,  of  Carni- 
Torea;  AHckitherium,  Hipp<tri»n,  Merychlppna,  of  Solidungulatcs ;  Agr\i»  hania, 
Poihrotherium,  Dorcathtrium,  L^'pUtuchenia,  Protoniei  i/jc,  Mcrycodua,  Camelopa, 
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Fig.  816. 


T«ctb  of  RbiuoccrcM  Nebrascousls. 


Fig.  818. 


Oreodon  (gracilis. 
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of  RuniBUite;  TiNmoAtriiim,  EtaUiMriwm,  RkimnMr^  MmHoi«n,  Ckmrtpatawuu, 
Leptockmnu,  of  Mnltangal«tit;  C%4i/iep«iji«,  bekifrvmjf,  Palmohgmt,  Awyfi^  of 

Rodents. 

Dr.  Evan?  .xtiites  with  re;^aril  to  a  jaw  of  the  Titnunthrrium  Prouili  seen  by 
him,  that  it  had  a  length  along  tho  range  ul'  the  teeth  uf  Jive  feet ;  and  that  one 
MMmu, «  it  Uy  imbodded,  iMMOved  tigkutm  fmt  i%  ttngA  ami  miM  /§tf  «• 
ingkt. 

E.  ToRKTOWN  Epoch.— 1.  Mdllnsks.  —Fig.  819,  Crepidula  ccttata  ;  fig.  820, 
intide  tiow  of  the  mbm;  if.  821,  Yoldia  Umatulu  Sojr*       loeont;  flg.  82^ 


Figa.  819-822. 


etfBMfooy-np.  nt,  on,  CkepUnl*  caMm.  Oumtnu^^  BO,  ToMlo  Uantdof 

oa^GblltateSijwM. 


Calfiatn  Snjffitia  ;  Perten  (leceuHnrtim  ;  P.  Virfjiuianni  ;  CarfJuun  Vir^ntattHtn  / 
VeHK*  difformia ;    V.  capux ;    Chmna  corticota ;   Axiuicti   I'limuinM ;  Anomia 

MtigMi  also,  among  living  specie*,  (htrta  Yirginieu,  or  oommon  Oyster ;  Fc- 
mm  wurcenaria,  or  oommoB  Clam  (rooontly  niNmA  to  a  aoir  gmoM,  Mtrttnturin, 

and  named  3fer<-r>i<ir;„  rinlacen)  ;  V.  eancellala  ;  3factra  lateralitj  AclM  eON- 
ceMtricHt ;  Limatiii  llrrut ;  0/irii  lilfemtn  ;  Xri'iin  Irivi'ddta,  etc. 

2.  Vertebrates  (a.)  Fi-hei.—Cnnharodon 

Ag.  ;  Hemiprittit  Serra  Kg.',  Oxtfrhina  hattaiit  Ag. — (6.)  Mammala. — UnUtHa 
ffita  JjAAji  B.  palmaHoHtiea  L.;  Defpkinm  C^nmdi  L.}  Pleco  Wjfmami 
L.,  etc. 

Id  the  Miocene  or  Orc^nn.  nn  the  Coluinhia.  there  are  nilmoroiM  fossils,  in- 
cluJincr  remains  of  rota<-<-an.'.  Fi-h(-y.  Oastaccans  {CnVinnnima  Orrrfnuenna 
JDaua;,  and  nearljr  fifty  species  of  MoUusks.  None  of  the  latter  are  of  living 
qiooioo;  Ntieula  dhtaieatn  Con.  oloeely  reeenbles  if.  Cbfrftolrftc  Soworby,  of  tho 
Bagliah  Mioeene;  Xaetaa  tientitineata  Con.  can  aoaroely  be  dietiagnished  from 
tho  recent  .\tlantic  coast  speoies  L,  contraeta  Saji  and  XMaatta  ttuna  Con.  If 
as  nearly  related  to  Lnnntin  ffrr,,».  fronrnd.) 

In  the  Miocene  of  Ocoya  Creek,  California,  occur  teeth  of  Sharks  of  tho  genera 
EchiuorhtHw,  .s\-^ninn«,  OaUocerdo,  Pn'onudon,  Htrntprtuli;  CarckarodoHf  Ox*f- 
rkmm,  aad  Laamm,  bealdeo  a  tooth  of  a  Zjiyoftafet.  (Agaerii.) 
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F.  Sumter  Epoch.— Molltuks^Fig.  823,  Pecf«n  J/ortoni  Rarenel;  JamVa 
htmicifeiica  BftTtnel;  fig.  824,  Ar«a  Mom  T.  A  H«.;  A.  Iimmm  8»j;  OmhoHm 
Bodgii  Gob.;  flf.  ttt^  C^^pma  CbiwiAMMii  Cob.;  C  Mtcufiw/  Oww  fltfwr. 


Figi.  823-826. 


.  OoxouriM^rig.  823,  Pocten  Mortonli  824,  Area  hJaofl.  OAiruoroD.— Fif.  825,  CTprm 


tan'ua  Con. ;  Fa$c{olana  dittamt  Lmb.  ;  Bni>yeon  Omiradi  T.  A  lis.  TheM  South 
Carolina  Pliocene  beds  contain,  according  to  Tuomey  and  llolmo,  nine  sjx'cirt 
of  Ecbinoderms,  while  none  aro  found  in  the  Yorktown  bod<<  in  Virginia. 
CormU  MO  nro  ia  tho  bodt  of  both  the  Sumter  and  Yorktowu  cpooha. 

0.  FottiLs  or  turn  Lovr  Ritbb  Qmovp,  Vmn  Misiovbi  Rboiov,  pboba- 
BLT  PuocBVB.~l.  MoUiuks.— Load  Mud  Fnoh-wator  ihoUa  of  tho  |MMt» 

H'lir,  f'hif/1,  etc. 

2.  Vertebrates. —Bones  of  Turtles,  genua  Tettndo  ;  of  Mammala-of  the 

genera,  afcurdiii};  to  Leidy,  MftjalomerifT,  Prncntnrl im,  Ctrvnn,  IthinortrD^f  Jf(Bt> 
todoH,  Elcpha*,  llipparioUf  Merj/chipptUf  Equua,  Cattor,  Ftlia,  Vauit. 

2.  f  0B£1GN  I£fiIIARV. 

I.  Hoeks:  Undi  and  distrilmtioii. 

The  rocks  of  tho  Tertiary  porioil  in  Britain  and  Europe  include 
tlio  following  subdivisions,  beginning  witli  the  oldest  (LyeU,  Prest- 
wich,  Pictet) : — 

1.  Lower  Eocene.— flnVaiM.—(l.)  Thanet  sands,  containing  rolled  flints, 
etc.;  (2.)  Woolwich  beds,  clay?  nnd  fands  :  (3.)  London  clny  and  Bognor  bed*. 
Europe.-— {I.)  In  some  places  in  France,  flint  breccia  and  conglomerate;  (2.) 
ploitio  olaj  tad  ligBito. 

2.  BOddle  BoomM.^Britain — (1.)  Bagfhot  ond  Bnoklotbam  bodf ;  (1) 

Headon  HUl  tonds  mod  Barton  clay;  {Z.)  Ilcadon  group;  (4.)  OsboFBO  or  St 
Helen's  group;  (6.)  Bombridga  or  Binatood  bodi,  lale  of  Wight  JTorojio.— Solo* 
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sonnais  eands  and  Numiuulitic  group. — (1.)  Lower  Cnlcairc  Grns.'jior  or  (llan- 
eonie  Grouicro;  part  of  the  Bnixellian  (Brussels)  bc(k  of  Dumont;  1  and  2, 
Upper  and  Middle  CaLcaire  Grossier;  3  and  4,  Qrds  de  B«auohamp,  LxkeHian 
b«la  of  BnuMla^  Oaleaii*  SfUoeox}  i,  OjpMOoi  group  of  MoBtmAitn,  Caloain 
Laenstro  Sup6riour.  Nos.  1  and  2  are  tho  Parmtm  A  qrtteBi  of  IVOAicDy ;  lad 
8}  4,  5.  the  Pariaian  It  system. 

3.  Upper  Eocene  of  Lyoll :  Lower  Miocene  of  some  authors. — 
Britain. — Hempstead  beds  near  Yurmuuth.  Europe. — I'art  of  Terrain  Tertiairo 
Moyoii,  and  Ookairo  LMOttro  8ap6ri«or  and  Orte  do  PontdbeUoaii ;  Laeaa- 
trina  of  AaTorgno;  LUnlmrg  beda  of  Belgium,  Itupelian,  Ttrngrian,  and  B<Mk» 
rinn  of  Dumont;  Mngnndnn  of  Mayer;  Mayenco  basin;  part  of  Tile  clay  near 
Berlin;  probably  the  so-called  Miocene  of  Mayoncc  and  Castcl-Gombcrto j  also 
the  fresh-water  Molasso  of  the  cantons  of  Vaud,  liuruc,  and  Arguvie. 

4.  BSiOOMie  of  "LjiiSL— Britain,  no  marine  beds;  Leaf-lied  of  Hall  in  tlio 
Hobridee?;  Lignite  of  Antrim?*  Skn^t—Upptr  FahlmHia»  of  D'Orbigaj; 
F&hluns,  Touraine  ;  1  s  of  Oironde  and  Landes ;  part  of  Vienna  basin ;  Saperga 
Hill  near  Turin  :  ncltttinn  or  marine  Molnsse,  and  Dirtouian  or  T"i>]ipr  fresh- 
water Molaase  of  Majrer;  sjstems  JJiettiau,  Uampiniau,  and  ScaldUtan  of 
Dumont. 

5.  Oldmr  FUoOMie^Mafa^-^ondllne  Crag  and  Red  Crag  of  Saffolk. 

— Subapennino  strata;  Upper  mamlTe  beds  of  Montpellier;  Hills  of  Rome; 
Mount  Miirio,  etc. ;  Antwerp  and  Normandy  Crag;  Aralo-Caspian  deposits. 

6.  Newer  t*lioCene  —  nritain. — Norwich  Cra-.',  of  fluvio-marinc  orifrin, 
containing  mostly  shells  of  species  now  found  in  British  seas,  with  some  Mam- 
malian remains.  Airopc.— Sicilian  Pleiatooene  formation^  wbieb  oovert  nearly 
lialf  Ibe  ialaad  of  Sieily ;  near  tbe  eentre  of  the  lalaad,  at  CaatrogfaMranni,  it  haa 

a  hcifrht  above  the  yen  of  ^OftO  feet  :  the  upper  two-thirds  of  the  whole  are  lime- 
stone, and  the  rest  mainlj  sandstone  and  conglomerate,  onderlaid  by  marl  or 
clay. 

The  AMMoe«M  of  Lyell,  called  alao  Newer  Pliocene^  Inelttdoa  flw  Ihrlft  epoeh 
and  Cave  deposits  and  bones  which  are  a  part  of  the  Post-tertiary.  The  Upper 

Eocene  of  T.yel!  is  called  Lower  Miocene  by  some  European  ntithors,  and  the 
distinction  in  the  fossil  plants  between  it  and  the  Lower  Kuceno  is  so  great 
that  there  appears  to  be  reason  in  the  course.  Lyell  makes  the  Claiborne  beds 
eqniralenta  of  the  Middle  Boeeae  of  Britain,  and  thoTorktown  beda  eqoiTalents 
of  the  Miocene ;  and  thia  woold  place  the  Yieksborg  beda  on  the  aame  horiaoa 
with  hia  Upper  Booene. 

The  lowest  beds  of  the  Tertiary  formation  appear  to  be  in  part 
nude  from  detritus  derived  from  the  Chalk  and  its  flints.  The 
beds  of  the  next  epoch  in  the  Eocene  are  for  the  most  part  marine, 
and  have  a  wide  distribution  over  Europe  and  Asia.  They  are 
largely  Nummulitic,  many  beds  consisting  almost  wholly  of  the 
thin,  dif^k-shaped  fossils  called  Nummulites.  The  l)eds  of  tliis  era 
occur  in  tlie  London  and  Paris  basins  f  Anplo-Parisian  rrpion). 
They  spread  over  parts  of  the  Pyrenean  and  MtMllterraneiin  ba-ins, 
and  many  other  regions  in  Europe,  covering  portions  of  the  i'yjjgi 
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neea,  Alps  (to  a  height  of  10,000  feet  above  the  lea-leTel),  ApennineB, 
and  Carpathians;  they  extend  into  E^pt  (where  the  Pyramids 
were  in  part  made  of  Nummulitic  limestone),  through  Algeria  and 

Morocco,  over  parts  of  Asia  Minor,  Persia,  Cauciusus,  India,  the 
MouiitaiiKs  of  Afghanistan,  the  southern  slopes  of  the  Uimulayss, 
and  to  a  height  of  10,300  fet?t  in  western  Thibet.  Later  in  the  Ter- 
tiary, the  beds  were  much  less  generally  marine  and  more  limited 
in  extent,  showing  an  approximation  to  the  existing  era  in  tin-  con- 
dition of  the  continents.  Marine  beds  are  not  found  eitlier  in  the 
London  or  Paris  basins,  though  occurring  near  Tours  and  Bordeaux 
in  France,  and  in  some  other  parts  of  Europe.  In  the  Pliocene 
epoch  there  was  a  limited  return  to  marine  strata  in  England ;  the 
beds  oocur  as  littoral  deposits,  called  Cragt  near  Suffolk  and  Nor- 
folk on  the  shores  of  the  Qerman  Ocean. 

The  direnity  of  ths  bsds  in  the  Tertiary  period  is  well  ehown  ia  ^  Peris 
bssin  formation.  There  is,  firtt^  a  bed  of  plsetie  eley  frith  lignite,  oontAining 

in  some  places  Oysters  (0.  IrUornritin)  and  a  few  other  marine  species,  and  in 
other  layers  lacustrine  shells,  alung  with  bones  of  the  earliest  quadrupod^•  of  the 
age;  ttcond,  a  series  of  beds  of  coarse  limestone  (Calcaire  Qrouierj  with  green 
maris,  sbottttdiag  ia  some  parts  In  Nnmmnlltes  sad  other  Bhisopods;  oontsbi- 
iag  marine  aliells  (oTor  500  speeies  In  all)  in  eertsin  l>eds;  amingUagof  speeiM 
of  OnitkiuM  with  fresh-water  shells  in  others,  and  also  bones  of  Mammals; 
third,  over  this  limestone,  a  siliceous  lime^'tonc  contnininp  a  few  fri'sh-water 
shells  ;  /uurth,  Qypseous  marls,  well  displayed  in  the  hill  uf  Muntmartre,  the 
great  repository  of  the  bones  of  Eooene  Mammals  explored  by  Carier,  sad  oes- 
tainhig  also  remains  of  Birds,  Reptilee,  sad  Fishes,  with  a  few  flreeh-wstsr 
shells;  fiftkf  sandstone,  6r^s  dc  Fontaineblcau,  marine  in  origin,  and  regarded 
as  of  tho  !iarae  age  with  the  lower  pnrt  of  the  Molaase  of  Switserlaad;  aixtk, 
Upper  Laeustrinci,  or  fresh-water  beds. 

n.  Life. 

In  the  European  Eoceno  the  fossils  are  all  of  extinct  species ;  in 

the  Kiocene,  15  to  20  per  cent,  are  living ;  in  the  Older  Pliocene, 
40  to  50  per  cent.  ;  in  the  Newer  Pliocene,  Norwich  Crag,  90  per 
cent. ;  in  the  Sicily  formation,  70  to  90  per  cent. 

1.  FlmUs. 

Protophsrtes  were  abundant,  as  in  America;  the  well-known 
Infusorial  beds  of  Bilin  in  Bohemia  have  a  thickness  of  14  feet, 
and  are  fresh-water  Tertiary.  Planits  in  Saxony  is  another  similar 

locality. 

The  higher  plants  are  mainly  Angiospcrms.  Conifers,  and  Palms. 
The  isle  of  Sheppey  is  famous  for  its  fossil  fruits,  and  amoog 
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them  Bowerbank  has  distinguished  those  of  13  species  of  Pahus, 
showing  that  England  in  the  Eocene  was  a  Und  of  Pahna.  In  the 
Tjrvol,  there  are  other  Eocene  beds  containing  palms;  moreoTer, 
out  of  180  spedes  of  plants  55  were  Australian  in  character,  and 
23  allied  to  plants  of  tropical  America,  In  the  Miocene,  Palms 
^pear  not  to  have  reached  so  far  north  as  England,  and  the  forests 
of  Europe  were  less  tropical  in  character.  Wluit  is  remarkable,  a 
much  larger  proportion  of  species  than  now  wt  re  of  North  Ameri- 
can type,  show  ing  that  while  the  Eo<'ene  vrtxelation  of  Europe  was 
largely  Australian,  the  second  or  Miuceue  phase  (including  in  part 
at  least  the  Upper  Eocene  of  Lyell)  was  North  American  in  type. 
In  the  Pliocene  the  Flora  embraces  the  modern  types  of  Kose» 
Plum,  Almond,  Myrtle,  Acacia,.  Whortleberry,  brides  Maples, 
Oaks,  etc. 

Sooen«  plant-beds  occur  also  at  Sottka  in  Upper  Stjria,  Sagor  in  Illyria, 
ll«Bte  Cromiaa  in  Dalmatia ;  others  referred  to  the  Miooono  epoch  exist  at  BQin 

in  B  'hemia;  St  Qallen  in  Switierland ;  (Eningcn  in  Germany;  at  ParscUog^ 
yohni>durf,  Leoben,  Kiiflach,  etc.  in  Styria ;  and  at  Swosiowice  in  (Jalicia. 

Out  of  the  180  species  from  the  Ivjucne  bods  of  Uaring,  66,  according  to  £t- 
tiagthsAsen,  are  Australian  in  type,  28  Bast  Indian,  23  tropical  American,  14 
Sontli  African,  8  Pacific,  7  North  American  and  Mexican,  6  West  Indian,  5  Sonth 
European.  The  resemblance  to  Auintralia  consists  not  merely  in  the  namber  of 
related  species,  but  in  their  character,— the  small,  oMon;;,  leathery -Icnvcd  Pra- 
Uacem  and  Jfj/rtacettf  the  delicately -branching  Caauariitr,  the  Cypress-like  spe- 
sfas  of  FrtmUt  sad  CatUtrwt,  ete.  Only  11  species  hare  their  representatives  in 
warm-temperate  climates* 

In  the  Miocene  of  Vienna,  or  the  33  species  described  by  Ettingshausen,  10 
arc  North  American  in  ty|io.  2  South  American,  6  Kast  Indian,  2  Australian,  2 
central  Asiatic,  4  South  European,  1  central  European;  11  species  are  sub- 
tropical, and  13  warm-temperate.  The  spedes  particularly  related  to  then  of 
North  America  (its  warmer  porUon)  belong  to  the  genera  Fagmtf  QuartMB,  Li- 

^mi>l<"iif>'i r,  Lmirnti,  linm'  I !n ,  DinitptfroK,  ftn<l  Audromcdlfe*. 

The  Pliocene  Flora  of  Euroi)e  waa  strikingly  North  American  in  type,  as 
Brongniart  has  shown.  He  mentions  as  examples  the  following  genera  of  tem- 
pwate  North  America  which  do  not  now  oeenr  in  Baropa>— TWwfi'mN,  Cbitp- 
iBma,  Lifmidmmbmr,  Nytta,  Robinin,  Glr.Hiichia,  Cn»»ia,  Acaeia,  Bhm,  Juglamt, 
Ctaftothun,  Cflftitrni,  lAriod'^ndrint,  Sifmplovoit.  Moreover,  certain  pencra,  as 
that  of  the  Oak  {QncrcuH),  which  have  auuerous  species  in  America,  liad  man/ 
in  Pliocene  £urope,  but  have/eis  now. 


Shtiopoda  were  as  important  and  abundant  in  the  Tertiary  as 
in  the  Cretaoeons  period.  Among  them  the  coin-shaped  Nviim»SUi 


(see  fig.  1Q2»  p.  164)  oontnbated  very  largely  to  the  constitutio 
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some  of  the  Eocene  itnita,  etpedftUy  the  Middle  Eooene,  m  hai 
been  mentioned  on  p.  523. 

In  the  Miocene,  tho  genus  XummvIUrg — already  bcci>nip  extinct — is  sncceeded 
by  another,  similar  in  the  general  form  of  the  species,  called  Amphittegina. 

MoUnsks  wore  far  more  numerous  in  species  and  individuals  in 
Europe  than  in  North  America.  The  number  of  kinds  described 
is  about  GOOO,  while  not  over  30(K)  American  are  known.  The 
shells  of  Homo  localities — as,  for  example,  the  Paris  basin — often 
have  nearly  the  freslinoss  of  living  specios,  excepting  a  prevalence 
of  a  white  color,  the  original  tints  being  mostly  lost.  In  general, 
also,  the  approximation  to  the  living  species  is  close.  There  are 
but  few  BniohiopodB  (ebout  40  against  200  in  the  Cretaeeoni),  and 
these  are  almost  wholly  of  the  genera  Tartiniula  and  Rhynchtmdla, 

The  VertAnUi  are  the  species  of  highest  interest.  The  order  of 
Teliot(*t  or  common  fishes,  which  began  in  the  Cretaceous,  was  pro- 
fusely represented ;  nearly  300  species  liuve  been  named,  while  only 
half  a  dozen  or  so  of  ordinary  Ganoids,  and  twenty  of  Pi/cnodonts,  are 
known.  The  Pycnodont  group  is  now  oxtinrt.  Toetli  of  Sharkx 
are  also  common,  and  are  like  those  of  America  in  genera  and 
partly  in  species. 

Among  Reptiles  there  were  many  true  Crocodiles^ — eighteen  or 
twenty  species  having  been  described,  to  two  or  three  in  the  Cretsp 
oeous,  and  seven  or  eight  in  the  Present  pi;riod.  Turtles  were  nu- 
merous ;  over  sixty  species  have  been  described,  and  the  shell  of 
one  Indian  species  of  the  WowD»—T<utiuh  {Cobuechefya)  Atk§ 
had  a  length  of  twelTO  feet,  and  the  animal  a  total  of  nearly  twenty 
feet.   The  feet  mmt  have  been  larger  than  those  of  a  Rhinoceros. 

The  first  of  Snakr.s  have  been  found  in  the  Eocono.  A  cpr^Hes 
twenty  feet  long.  Palaophis  typha-ns,  was  discovered  in  the  Brackles- 
ham  beds.  Half  a  dozen  species  related  to  the  common  Black 
Snake  ( Volubridct)  occur  in  the  Miocene. 

The  earliest  remains  of  Birds  in  Europe  have  been  afforded  by 
the  Eooene.  Out  of  a  doaen  species  from  the  Paris  basin,  two  are 
web^ooted  and  related  to  the  Fdloan,  three  Waders,  one  Phea- 
sant, two  Perohers,  one  Owl,  two  of  the  Vulture  tribe. 

The  earliest  Mammalt  of  the  age  occur  in  the  homer  and  Middle 
Eocene. — anterior  to  those  of  the  Upper  Missouri.  The  Eooene 
species  include  from  the  beginning  botli  Herbivores  and  Carmvom; 
but  the  former  greatly  preponderate.  The  Early  Herbivores  are 
mostly  of  the  tribe  of  Pachyderms,  and  were  allied  more  or  le-js 
closely  to  the  Tapir  (as  the  Palccothcre  and  Jy^phiodon  ),  and  Hog  las 
the  Hjfracolherc  and  Charopoiamxu)  \  or  partook  of  characteristics  be- 
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tween  the  Pachyderms  and  the  Stag  among  Huminants  (as  the 
Annphthere  and  Dichnbune), — a  far  more  graceful  type  of  Mammal, 
There  were  also  Monkeys  (or  Quadrumana,  genus  Kopit/trrus),  Bats 
(ponus  Wsjifriilio),  Deer  [iWvus),  and  Opossums  {Didclphis).  Both 
Britain  and  France  had  then  wild  beasts  of  these  kinds,  although 
in  the  present  age  there  are  no  OpossumB  out  of  America  and 
Monkeys  are  confined  to  the  Tropical  lone.  Dide^pkit  is  the  only 
genus  of  the  number  now  having  living  species.  There  were  no 
EdmtaU9  (species  of  the  Sloth  tribe)  in  existence,  es  fiur  as  ascer- 
tained, although  these  are  among  the  lowest  of  Mammals. 

The  first  discovery  of  Tertiary  Mammals  in  any  part  of  the  world 
was  made  by  Cuvier.  The  bones  were  gathered  in  the  vicinity  of 
Paris,  and  a  large  number  of  extinct  quadrui>eds  came  to  a  new 
existence  through  his  researches.  Amon^;  tliese  the  Palaothcre — so 
named  from  ttoAcuo;,  aiiacnl^  and  Ot/piov,  wild  Uast — is  one  of  the  most 


cliaiacteristie.  The  largest  species  of  the  genus,  Paktolkeriim  nu^» 
iwm  (fig.  820),  was  of  the  rise  of  a  bone,  and  the  smallest,  P.  emrtum, 
not  larger  than  a  sheep.  The  figure  referred  to  represents  the  sup- 
posed outline  of  the  animal  as  restored,  drawn  partly  from  the 

known  form  of  the  modern  Tapir.  The  Anoptothere  was  another 
Parisian  species  ;  it  wa,s  of  more  slender  form,  and.  like  the  Kumi- 
naiits,  it  had  but  two  toes,  while  the  Palctothcrc  had  three.  Another 
kind,  the  Charropofitnois,  had  the  habit  of  the  Mexican  Peccary. 

Owen  observes  that  the  Eocene  Mammals  were  in  general  re- 
markable for  having  that  completeness  and  regularity  in  tlie  teeth, 
and  regularity  also  in  other  parts,  which  belong  to  the  typical  form 
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of  Mammal.  Thu>j,  in  tho  species  mentioned  there  is  the  com- 
pletG  number  of  teeth,  4-4,  as  in  Man,  as  shown  in  the  formula  for 
^  ^     .  ,       3-3       l-l       4-4  3-3 


'  i-r 


m 


Fig.  827. 


I  l>  ..-^^=44(»«ignifyuigiiiciB0ir, 

c  canine, /)  prtHmohir,  and  m  mohir  teeth);  in  the  Anopiot/u-rc  and 
some  other  Eocene  species  (Dicfiodon,  etc.)  the  series  of  teeth  is 
oontinuons  without  a  break, — a  character  which  is  manifested  only 
by  Mankind  among  existing  Mammals.  Moreover,  the  crowns  of 
the  teeth  in  Diehodon  are  all  of  nearly  equal  height,  as  they  are  in 
Man.  (Owen.) 

The  Miocene  ipccies  include  a  larger  proportion  of  Carnivores 
than  the  Fk)cene.  There  were  Mastodons,  Elephantt,  and  the  still 
stranger  Elephantine  animal,  the  Ihnofhcre,  besidos  new  Tapir-like 
beasts,  Carnivores,  Monk-ys,  Deer,  and  the  first  EdcntaUs,  but  none 
of  the  Hovine  or  Ox  kintl. 

Fig.  827  represents  the  skull  of  the  Dinodwre  {Dinothcrivm  g^^jan- 
ieum),  much  reduced.  The  head  carried  a  ti'unk  like  an  Elephant, 
and  two  tusks,  but  the  tusks  were 
turned  downward.  The  length  of 
the  skull  is  3  feet  8  inches.  The  jaws 
have  on  each  side  tive  molar  teeth, 
the  first  two  answering  to  the  poste- 
rior prceniolnrs.  There  is  n  mixture 
of  the  characteristics  of  tlie  Ele- 
phant, Hippopotamus,  Tajdr,  and 
the  marine  Manatus  (Dugong),  in 
its  skull ;  and,  as  the  bones  of  the 
limbs  are  unknown,  authors  are  not 
agreed  as  to  its  relation,  some  ar> 
ranging  it  near  the  Elephant,  and 
others  making  it  a  swimming  Mam- 
mal like  a  Dugong,  15  or  20  feet      ^  ^    ^      ,  ,^ 

.long.    One  nne  skull  was  caig  up  at 

Epplesheini  in  Germany,  and  the  remains  have  been  found  iu 
France,  Switzerland,  and  a  few  other  regions. 

As  the  Sloth  tribe  is  now  confined  to  other  continents,  it  is  an 
interesting  fact  that,  in  the  course  of  the  Miocene,  Europe  hud  iti 
Species,  the  Maerotkere,  which  was  related  to  the  African  Pangolin 
(the  Ant-eater)  but  was  six  or  eight  times  its  siae. 

All  the  Fishes,  Reptiles,  Birds,  and  Mammals  of  th^  Tertiary  are 
extinct  species, 

Ths  bast  kaowa  iMsUtias  of  IbssQ  tAm  ara  MMta  Boles,  Msr  Y«f«ai» 
BOitlMm  Italy*  of  fho  ago  of  tho  NammaUklo  bods  o?  Kiddlo  Boooao; 
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of  OUrit  ia  8vitserlaad«  in  luud  binck  ^late,  probably  of  tbe  samo  cpoeb}  Ate 

in  Provence,  and  nl.«o  in  Auvprj;np,  of  the  Upper  Eocene  or  Lower  Mi<)cenc;  at 
Turiu,  Touraine,  Vienna,  Germany,  etc.,  of  the  Miocene;  Giningen,  uf  the  PUo- 
«aiie;  alto  at  Monnt  Lebanon  in  Asia  Minor,  oftlio  eorly  Tertiar/. 
Tbo  oarlioat  Mammalian  genera  of  the  Boeeno  are  Corypkoiom  Owen,  an 

Herbivore  (or  Ungulate),  and  PulgocyoHf  a  Carnivore  (or  Unguiculatc) ;  they 
are  from  the  lowor  PLi^tic  clay  of  Enirlnnd  and  Franco.  Plioldjjhui  Owen,  is 
anutber  gcnuis  I'rum  a  bed  overlying  the  London  cluy ;  it  in  a  hoofed  iicrbivore. 
Some  of  tbe  Pari*  basin  genera  are  PalteoAtriutu,  Anopl^ktrimm,  above  men- 
tioned :  also  Dirhohnne  and  Xiphoduu,  near  Anoplotbetinm,  TupiroAeriiim  and 
L"}ifii<t)lo)t,  cloffcly  related  to  the  Tapir;  ChrruitutamuK,  having  i^omc  of  the  cha- 
racter i  f  the  IIo;^ ;  Hjfmnodoitf  Carnivorous;  i>i<ie(^Ai«  (Opossam,  a  Marsupial); 
Vttpenilio  (Bat). 

Tlw  gnnns  i^AlorfoN  is  pecniiar  to  tbe  lower  part  of  tbe  Parisian  fbrmatioa 
(Parisian  A,  p.  523),  in  which  it  ocenrs  with  two  speeies  of  the  genus  JOieJuAHue; 

.the  other  genera  mention. -  l  wore  found  in  the  Upper  Parisian  Iwds  (B)  or  Mid- 
dle Eocene.  lu  beds  cLsewhcro  of  the  jurmer  epoch  occur  also  the  genera  Hjra- 
cotktrium  and  J/et€rohjfu$,  of  the  Hog  family  or  Suillids;  PropaiieolheriHm, 
P^tkfHolopM,  and  AnchiUjtu9f  near  tbe  Tiqyir;  and  Haiitherium,  related  to  tbo 
Du^on<;.  Some  of  the  other  genera  of  the  latter  epoch  (called  sometimes  tbo 
Palajotherian )  arr  E  'jtitlif  rini,  of  the  Quadrumana;  C_y»iot/f>»i,  of  the  Carnivores; 
Palt.}>h>theriant,  of  the  Palii'otlicrian  family ;  Xiphodou,  Jjicholnmc,  of  the  Ano- 
plotbcriau ;  AwkithertHui,  of  the  Solidungulate  or  Uorso  family ;  Pletitn-ctomt/i, 
A«MbMye,  of  Rodents ;  cte.  (These  details  and  tbo  following  are  eltod  midnly 
from  the  4tb  volume  of  Piotet's  Palaeontology.) 

The  Auvcrgne  bods,  between  the  Eocene  and  Miocene  in  age,  contain  more 
Gamivorca  in  proportion,  hci^idcs  more  modern  genera.  Among  them  there  are 
MttchwroduM,  HyKHodoH,  Cifnodou,  Canit,  Ampkic^on,  Viverra,  of  tbo Camivores; 
J^teofAertMM,  Tnpim9f  Amti^racotkeHnm,  Bgopotamw,  RkiuoeenM,  of  Paeby- 
derms ;  ErinaccHM,  of  Insectivores;  AreAcDsiyt,  ifiw,  Catter,  Sitntofiber,  Ltpw, 
of  Rodents,  etc. 

Some  of  the  3Iioccno  genera  are  Pliopithecut,  Diyopithecm,  of  Quadrumana; 
ifaeluerodtui  Petit,  Hifienaretttt,  HjfttHa,  Camt,  Viverra,  Mnatela,  of  Carnivores; 
ifoatodoM  ( Jf.  longirottriit,  IT.  tapiroidet,  ete.),  Etqj^tf  Bkiuoetrot,  LMriodon, 
8n*,  A  •"  fi  i'f'rfuiii},  Hippothrrimn,  Eqinin,  Hippopotnmua,  of  Pachyderms ;  Co- 
mtli'p'i)  tt'<li»,  AnlilftjK,  Priru^,  ^nvn'mnnX*;  D'molherliun  ;  Ei  imirrn^,  Talpa, 
of  Insectivores;  Halithei  iniu,  Squnlttdtm,  Phjpieter,  Delphiuit*,  of  Mutilates. 

A  few  of  tbe  Plioeene  genera,  in  addition  to  tbe  modem  ones  already  enume- 
rated, are  Pitkeem,  Stmtiopithtctu,  of  Quadrumana;  Mndmrodwt,  ITrtws,  Pkoea, 
of  Carnivores;  Lrpiit,  Putorim,  Arrtunnjn,  Lagomjft,  ArviWff,  (kulor,  of  Ro- 
dents: finlmitn,  linlirnftdon,  of  Miitilate>'. 

The  Tertiary  Mammals  of  the  Siualik  Hills,  India,  from  beds  supposed  to  be 
Xieeeno,  inelndo,  besideo  Qmadrnmana,  species  ot  Hymnarttoe,  //i/.thu,  Feliif 
jEHciitns  (7  spoeiea),  J/oatoifen  (3  apeeies),  BkiuoeertM  (5  speeies),  Hippotherinm, 
Eq»H0  (3  tp%ein),Hippopotnmtit  (4  to  7  species).  Sun  (3  species),  Anophtkerittm, 
Ckalirtftfirrium,  ^ftn/copoUinntH,  Cninehii,  Cnmrhipnrdnlix ;  Sientherinm,  Anti- 
lupe,  J/o4chn9,  Op**,  Jiot  (several  species);  Dinotheiiitm  ;  Hyatrijc.    Tbe  .SVrrt- 


ilernuH  was  an  elepbanttaio  stag,  having  four  boms  and  prolwbly  a  long  pro 
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boniiy  beiag  In  torn  polBli  Iwlfraca  the  Stegi  aai  the  Fishjdanu,  Itltn^ 
posed  to  hare  had  the  bulk  of  ui  elephant  and  greater  height.  Bot  and  th« 
related  geaen  probablj  ooonr  nowhwe  eadier  than  the  PUoeene  and  Peit- 

tertiaty. 

Omieral  Obserratloiis. 

1.  American  Geography. — Tlic  general  form  of  the  North  Ame- 
rican Continent  on  the  oa^t  during  tlie  early  part  of  the  TfitiKry 
period  is  sliown  by  the  distribution  of  the  areas  covered  by  marine 
beds  on  the  map,  p.  133.  From  such  data  the  following  map  haa 
been  ooiutraeted.  The  AiUntio  border  was  aubmerged  nearly  as  in 


Fig.  828. 


Morth  Amorioa  la  the  Period  of  the  lerl j  TWtiaty. 


theCretaoeons  period;  ihere¥ra8noI>e]Awareor0heMipeekeBqr>«>^ 
no  Peninsula  of  Florida.  The  Mexican  Gulf  spread  fhr  begrond  iH 
present  limits  north  and  west,  but  not  over  the  Rocky  Mountain 
slopes  as  in  the  preceding  era.  TheOhio  and  Mississippi  were  barely 
united  at  their  mouths,  if  not  wholly  di^oined.  Owing  to  the  eto' 
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ration  of  th©  mmintain-region  westward,  the  Mi«:souri  and  other 
streams  rising  in  the  mountains  had  bc^zun  to  exist. 

Yet  the  eiovatioii  of  i'AM)  or  TuX)  ieet,  wiiioh  began  after  the 
Cretiiceouij,  waa  but  partly  completed ;  the  rivers  were  therefore 
muller  than  now,  and  the  region,  as  Hayden  rightly  infers  from 
the  great  freeh-vrater  Tertiary  deposits,  was  covered  by  one  or  more 
fast  fresh'water  lakes.  The  transition  from  the  salt-water  sea  of 
the  Cretaceous  to  the  emerged  condition  of  the  land  in  the  Tertiary 
is  marked  in  the  braokish-water  deposits  which  lie  at  the  base  of 
the  aeries. 

After  the  close  of  tho  Vicksburp  epoch,  referred  to  the  Upper 
Eocene,  there  ai»itears  to  liavc  been  a  further  reduction  of  tho 
Mexican  (Julf :  for  the  Miocene  and  Pliocene  beds  are  not  recog- 
nized on  its  borders,  unless  very  near  the  sea. 

The  Atlantic  Tertiary  region  must  have  remained  submerged 
mitil  after  the  Miocene  era.  The  absence  from  most  parts  of  the 
coast  of  deposits  that  can  properly  be  identified  as  Pliocene  is  a 
rsmarkable  &ct>  and  seems  to  show  that  the  continent  daring  the 
Pliocene  era  had  at  least  its  present  breadth  along  the  larger  part 
of  the  Atlantic  coast,  if  not  a  still  greater  eastward  extension. 

Tlie  change  of  water-level  causing  this  enlargement  of  the  area 
of  dry  hind  wa»  probably  not  confined  to  the  border  of  the  conti- 
nent, but  was  part  of  a  general  change  in  whieli  a  hirge  part  of  the 
continent  i>artook,  especially  the  Rocky  Mountain  regions  of  the 
West,  and  sparingly  the  country  south  of  the  Appalachian  region, 
or  northwest  of  Florida.  As  to  the  latter,  there  is  definite  proof  of 
deration  in  the  present  hdght  of  the  Tertiary  in  parts  of  Georgia 
and  Alabama;  fbr  while  in  general  the  beds  on  the  Oulf  border 
are  but  100  to  200  feet  above  the  sea,  near  MiUedgeTiUe^  Ctooigia, 
they  are  now  600  feet,  and  near  Montgomeiy  about  800  feet.  The 
position  of  the  region,  in  a  line  with  the  general  trend  of  Florida, 
suggests  that  its  elevation  may  have  been  connected  with  that  of 
the  Peninsula  of  Florida  itself.  Moreover,  the  norffm  rsfward  trend 
corresponds  with  that  of  the  Rocky  Mountain  region,  which  was  in 
process  of  elevation  through  the  Tertiary,  or  after  the  Mesozoic, 
and  not  with  that  of  the  Appalachian  chain,  which  waa  ruised 
mainly  soon  after  the  Palaeozoic. 

With  regard  to  the  Rocky  Mountain  region,  the  great  thickness 
orer  it  of  the  Miooene  and  Pliocene  shows  a  prolonged  contUina- 
tkm  of  the  laenstrine  condition  of  the  great  area»  and  renders  ii 
altogetiier  probable  the  mountains  did  not  attain  their  full 
altitade  nntil  late  in  the  Tertiwy  period.  The  deposition  of  the 
Lignite  formation  of  the  Eocene  appears  to  have  been  followed  bj 
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an  elevation  through  somo  part  of  this  altitufle.  This  is  shopm.  as 
Haydeu  observes,  in  the  displacements  wliich  the  Eocene  beds 
have  undergone,  especially  in  the  viemity  of  the  monnUuii^ridges 
•bout  the  summitB  of  the  mountains,  and  in  which  the  Miocene 
did  not  to  an  equal  extent  participate. 

Weflt  of  the  Black  Hills,  according  to  thia  author,  tho  dip  U  5  to  10  degr«M. 
Along  the  Big  Horn  Monntsin*  thore  is  »  simnar  dip,  and  fai  tomo  plaeoi  OTon 
greater.  Between  the  western  extremity  of  the.oc  mountains  and  the  North 
Platte  the  beds  are  nearly  vertical,  ho  that  the  harder  .«an<lstonc  layen*  stand  in 
projecting  lines  over  the  surface,  tho  eoflor  intermediate  clayejr  layers  being 
worn  away.  Along  the  Laramie  range,  and  Oo  Wind  Uvor  Movntaina,  alsa^ 
tho  atnta  an  moto  or  loaa  inellned.  Tho  Wind  Rivor  bods,  wUoii  aro  aappoood 
to  woaoad  to  Lignite  formation  (p.  510),  also  partook  in  the  dip,  though  to 
a  less  amount :  f\nd  this  is  part  of  tho  evidence  in  favor  of  their  being  earlier  in 
age  than  the  White  Kiver  or  Titanothcriau  beds.  The  latter  are  but  slightlj 
distarbed,  if  at  alL 

The  White  River  (Miocene)  borls  occur,  however,  high  up  on  the 
mountain-slopes,  showinn  that  they  have  participatc<I  in  a  more 
recent  elevation.  And  it  is  probable  that  some  1  (XX)  or  2000  foe t. 
at  least,  of  the  altitude  were  added  to  the  height  of  the  summit 
after  the  Miocene  era. 

•  On  the  Fteific  coast  in  Oregon  and  Oalifomia  there  is  evidence,  in 
the  present  height  of  the  Miocene  beds,  of  an  elevation  of  ISOO  to 
3000  feet  after  the  Miocene  era. 

The  alternation,  in  the  Eocene  of  MisBissippi,  of  Lignite  beds  witii 
those  containing  marine  shells  indicates  an  alternation  of  condi- 
tions in  tlie  course  of  the  progress  of  the  formations  which  were  due 
citlier  to  oscillations  of  level  in  the  waters,  or  to  the  damniinfi  up 
and  l>reaking  away  of  coast-barriers :  through  such  catastrojilies 
the  marine  species  probably  met  with  that  more  or  less  complete 
efxtermination  whidi  intervened  between  the  Claibome,  Jackson, 
and  Vicksburg  epochs.  Sharks,  having  the  free  ocean  to  escape 
in,  underwent  less  change  of  species  through  the  Tertiary  period 
than  Miimals  of  other  kinds.  The  remains  of  the  Zeugbdan  are  as 
widely  distributed  over  the  Oulf>border  Tertiary,  and  so  .abundant, 
that  nothing  less  than  a  sudden  elevation  of  the  land  in  the  Jack> 
son  epoch,  or  the  rush  inland  of  a  great  earthquake-wave,  could 
have  i)roduced  the  effects  observed. 

The  North  American  Continent,  which  since  early  time  had  been 
gradually  expanding  in  each  direction  from  the  northern  Azoic, 
eastward,  westward,  and  southward,  and  which,  after  the  Faheosoio^ 
was  ilnished  in  its  rocky  foundation  excepting  on  the  AUanUe  and 
^ht^  herders  and  the  Wuiem  Interior  n^^fion,  had  reached  at  the  <dose 
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of  the  Tortiftry  period  its  full  expansion ;  and  even  these  border 
rogions  roroivod  afterwards  but  small  additions.  Tlie  progress 
from  the  tir>t  was  uniform  and  systi^iialic :  tho  land  was  at  all 
times  simj)lc  in  outlitjo,  and  its  cnlargt-nuMit  took  piuce  uutwurd 
with  almost  the  regularity  of  an  exogenous  plant. 

2.  Baropeaa  Ctoography. — In  the  earliest  epoch  of  the  Terttaiy 
in  Europe  there  appears  to  have  been,  as  has  been  observed  by 
others,  first,  an  emergence  of  the  hind  from  the  Cretaceous  seas, 
when  the  Chalk  formation  was  eroded  at  surface  and  a  flint  con- 
glomerate in  some  pUices  formed.  It  may  be  that  the  land  emerged 
at  that  time  to  a  enn«idorable  elevation,  and  that  this  emergence 
OCcasion<'d  in  jiart  thf  cold  climate  and  cold  ooeans  nlhuled  to  on 
p.  oOA  tt.s  tlic  caii-ic  of  the  extinction  of  Cretaceous  species.  The 
return  of  the  land  to  the  sea-level,  and  in  some  jjlaces  beneath  it, 
would  commence  the  formations  of  the  marine  and  estuary  Tertiary 
of  the  succeeding  epoch;  and  a  still  more  general  submergence 
would  bring  about  the  state  when  the  great  Nummulitic  beds  of  the 
Middle  Eocene  were  forming  over  so  large  a  part  of  Europe,  Africa, 
and  Asia,  even  over  regions  which  are  now  occupied  by  the  lofty 
mountains  of  these  continents.  At  this  ei)och  Europe  was  again  an 
archipelago,  as  in  thf  Cretaceous  period.  The  Paris  basin  was  one 
of  its  great  estuaries,  varying  between  fresh  and  marine  waters 
with  chatiges  of  level  and  eiianging  barriers. 

After  the  Eocene,  in  Europe  (a^  well  as  in  America),  the  marine 
deponts  had  much  smaller  extent,  and  the  continent  was  mostly 
dry  land.  But  the  ocean-border,  instead  of  having  the  American 
limpUcity,  had  numerous  deep  indentations  and  winding  estuaries. 

The  elevation  of  the  Pyrenees  took  place  in  the  Middle  Eocene, 
after  the  accumulation  of  the  Xummulitio  beds  ;  and  the  same  was 
true  of  the  Julian  Alps,  and  of  the  .\|)ennines,  Caipatliians,  and 
other  heights  in  eastern  F^urope.  The  Nummulitic  strata  have 
now  a  heiglit  of  10,000  feet  in  the  Alps,  and  0000  in  the  Pyrenees, 
The  elevation  of  the  chain  of  Corsica,  and  some  minor  disturbances 
hi  Italy  and  other  parts  of  Europe,  are  referred  to  the  close  of  the 
Eocene.  The  western  Alps,  ranging  N.  26®  E.,  which  include 
Kt.  Blanc,  Mt.  Rosa,  etc.,  were  rabed,  according  to  Elie  de  Beau- 
mont, after  the  deposition  of  part  or  all  of  the  Miocene ;  for  the 
Molasse  of  this  region  was  raised  or  disturbed  by  the  uplift,  and 
not  the  Pliocene.  The  elevation  of  the  eastern  Alp<  from  Valais 
to  St.  Gothard  along  the  Bernese  Alps  and  eastward  to  .Austriti, 
ranging  E.  in**  N.,  Is  attributed  by  the  same  geologist  to  the  close 
of  the  Pliocene,  as  it  lifted  the  Pliocene  but  did  not  disturb  the 
Post-tertiary.  Even  in  the  later  part  of  the  Pliocene  era  there  was 
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•a  eleration  of  3000  feet  in  a  part  of  the  island  of  SioUy  (p.  523). 
Thus,  throughout  tlie  Tertiary  period,  tho  continent  was  making 
progress  in  its  bolder  features  over  the  sui  fure.  as  well  as  in  the 
extent  of  dry  land  ;  and  the  «'vid(  iitH'  is  sutht  ient  to  sliow  that 
when  t)ie  p*  riod  ended,  the  continents  had  their  mountains  raised 
in  general  to  their  full  height. 

3.  Climate. — ^The  climate  of  North  America  during  the  Eirly 
Tertiary  is  ftilly  indicated  by  the  abundant  fossil  plants  of  the  Lig* 
nite  beds.  Among  the  genera  mentioned  on  p.  514,  Sapuubut  Ph- 
fura,  Gnnammman,  fUut,  and  Sabal  belong  to  a  warm  climate;  and 
taken  in  connection  with  the  other  genera  they  indicate  a  mean 
atmospheric  temperature  near  that  of  the  Dismal  Swamp  in  Korth 
Carolina.  (A.  Gray.)  This  onrre^j>niuK  to  the  warm-tempernte  zonc^ 
and  to  the  year-isotliermal  of  GIP  F.  This  isoihermHl  in  the  West 
passes  through  Fort  Smitli  (near  tlie  nn  ridian  of  04°  W.)  on  llio 
Arkansas  Uiver,  and  terminates  on  the  Pacific  near  Los  Angel's, 
•  after  a  long  and  narrow  northward  bend  in  California  nearly  to  tUd 
Shasta  Peak.  PUmts  of  these  kinds  were  growuag  together  in  ths 
Eocene  forests  of  the  Upper  Missouri,  where  11010  nans  the  isothe^ 
mal  of  45% — a  line  which  passes  close  by  the  north  shore  of  IaIm 
Ontario,  down  the  St.  Lawrence  to  Montreal,  then  south  through 
Vermont  and  east  through  southern  Vermont  and  New  Hampshire 
to  Portland,  Me.  It  follows  thence  that  the  climate  along  thii 
line  was  warm-temperate. 

Brandon,  Vermont,  is  u{>on  the  line,  and.  in  accordance  with  the 
fact,  the  plantsof  the  Lignitt*  (p.  510)  include  >S<ipin(/us,  ( '.nnnnt'mvin^ 
and  lUmum,  indicating  about  tho  same  temperalia  e,  and  coufirniing 
the  view  that  the  Brandon  and  Upper  Missouri  species  beluiig  10 
the  same  part  of  the  Tertiary. 

With  regard  to  the  plants  of  the  later  Tertiary,  little  is  known. 
The  animals  of  the  Pliocene  in  the  Upper  Missouri  region  indnde 
Gsmels  and  other  kinds  charaoteristioof  the  warm-temperate  sons; 
so  that  there  is  no  sufficient  evidence  that  the  dimate  was  cooler 
than  in  the  Eocene. 

Euro]>e  evidt  ntly  passed  throuph  a  series  of  changes  in  its  cli- 
mate from  trojiical  to  temperate.  Accordinji  to  von  Ettingshau«i#>n, 
the  Eocem-  tlora  of  the  Tyrol  indicates  a  temperature  between  74° 
and  81°  F.  and  the  species  are  largely  Australian  in  character. 
The  numerous  palms  at  the  same  period  in  England  correspond  to 
a  climate  but  little  cooler. 

The  Miocene  flora  of  the  vicinity  of  Vienna  the  same  anther  pio> 
nounoes  to  besu&lnqNeaA  or  to  correspond  to  a  temperature  between 
68^  and  79^  F. ;  it  most  resembles  that  of  subtiopioal  Amsries. 
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Farthflr  north  In  Europe  the  flom  indkates  the  warm^temperate 
dimate  efaaiaoterituig  the  North  Amerioaa  Tertiajry»  and  it  is  alao 
prominently  North  Ameriean  in  ita  types. 

The  difTorence  in  climate  between  North  America  and  Europe  is 
ftdly  explained  if  we  suppose  that  in  the  former  nftor  the  Creta- 
ofous  period  an  increase  in  the  extent  of  the  polar  hinds  took 
place  :  for  tliis  would  have  given  all  the  coolness  to  the  climate 
tiiat  the  facts  require.  This  is  not  a  mere  sujjposition  ;  for  (1)  the 
elevation  of  a  large  part  of  the  continent  above  the  ocean  beyond 
doubt  took  place  at  that  time  (p.  533) ;  and  (2)  no  Tertiary  rocks 
ha^e  been  observed  in  the  Aretic  to  prove  a  sabmer|$enee  there  in 
that  period,  although  Pui-tertiary  beds  (proving  a  later  submerg- 
ence) are  widely  distributed.  The  extension  of  the  American  con- 
tinent into  the  Aretic  Zone  is  a  prominent  source  of  the  existing 
difference  of  climate  between  it  and  Europe. 

It  is  not  fiurprising,  therefore,  that  central  North  America  should 
have  passed  at  once  t<>  a  warm-temperate  climate,  while  Europe, 
although  situated  in  hight  r  latitudes,  should  have  liad  in  succession 
a  tropical,  subtropical,  and  temperate  climate.  Admitting  this  ex- 
planation, we  understand  why  the  Eocene  plants  of  America  are 
analogous  to  the  Miocene  rather  than  to  the  Eocene  of  Europe. 

U.  POST-TERTIABT  PERIOD  (20). 

Hitherto^  through  the  ages  to  the  dose  of  the  Tertiary  period, 
the  continent  of  North  America  had  been  receiving  a  gradual  ex- 
tension to  the  southward,  spreading  itself  southeastward  on  the 
Atlantic  side  and  southwestward  on  the  Pacific.  The  scene  of 
prominent  action  here  changes,  and  in  the  Post-tertiary  the  great 

phenomena  are  mainly  nnrfhrm.  The  same  ^'fncral  fact  is  true  for 
all  the  continents,  north  and  south:  the  changes  afl'ect  most  de- 
cide<lly  the  higher  latitudes  of  the  globe. 

The  Post-tertiary  period  in  America  includes  two  epochs:— 
1,  The  Glacial,  or  that  of  the  Drift;  2,  the  Cuamplain.  Next 
lUlows  (3)  the  TiKBAd  epoch,— a  transition  epoch,  in  the  course 
of  which  the  peculiar  Poet^tertiary  life  ends  and  the  age  of  Man 
opens.  ' 

1.  GLACIAL  EPOCH. 

Ambucan. 

Material,  Phenomena,  and  Distribution  of  the  Drift. 

Drij'i. — The  term  Drift,  as  it  is  commonly  employed  in  Geology, 
indndes  the  gravel,  sand,  or  stones,  occurring  over  some  parts  of 
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the  oontinentB,  which  are  without  stratification  or  order  of  ammfe" 
ment,  and  have  hren  transported  and  distributed  wiiliout  the 
agency  of  rivers.  The  leose.  unstratified  grovel  and  bouMoi-s  orer 
Now  Kiigland,  Now  York,  and  tlie  States  west  over  the  same  lati- 
tiuh-s  is  called  (fri/t.  In  some  exceptional  coses  it  is  in  layers;  and 
it  is  then  called  modijird  (Iri/f. 

A</i'  of  the  Dri/f. — The  ohl  unstriitifie<l  Drift  in  North  America 
never  covers  the  river  or  lake  alluvial  terraces,  either  the  upi>eror 
lower,  nor  the  elevated  sea^heaches,  and  therefore  preceded  in 
origin  the  formations  of  the  Champlain  and  Terrace  efjoclis.  Seo» 
tionii  have  been  observed  in  many  parts  of  New  Enghind,  Canada, 
the  region  about  Lake  Superior,  and  elsewhere,  confirming  this 
statement. 

Gcner.il  grngrapliical  distribution  of  tltc  Drift. — Tlie  Drift  oorur*?  over 
nearly  all  Canad.i.  New  England,  and  Long  Island,  either  in  viow 
or  heneath  the  iiliux  ium  of  the  river-valleys.  From  X»'\v  Eiii:lainl 
it  stretciies  on  westward  over  a  hroad  rang<'  of  country  reaching 
beyond  the  Mississippi,  having  its  southern  limit  near  the  parallel 
of  30°  in  southern  Pennsylvania,  Ohio.  Indiana,  Illinois,  and  lows, 
while  its  northern  is  undetermined.  South  of  the  Ohio  River  it  is 
hardly  traceable.  Few  boulders  are  found  about  Baltimore  and 
Philadelphia,  and  these  not  on  the  higher  lands.  It  is  thus  north- 
ern in  its  distribution,  and,  though  mere  gravel,  sand,  and  stones, 
the  travelled  mass  has  a  vast  extent  over  the  northern  portions  <tf 
the  continent.    It  is  underlaid  by  clayey  deposits  in  some  region*. 

I)fstril»itton  in  elcvatinn. — While  covering  the  lower  country,  the 
Drift  extends  high  up  the  mountains, — to  an  elevation  of  marly 
GOOD  fiM't  on  Mount  Washington,  'JOOO  or  more  on  lhe(ii  een  Moun- 
tains, 3000  on  Mona<lnock.  Bouhler.s  small  or  large  are  found  on 
the  summits  of  most  of  the  elevations  of  New  England  under  3000 
feet, — as  on  Mount  Holyoke  and  Mount  Tom. 

Filling  t^f  rnwrnwA!^. — River-valleys  in  some  oases  were  filled  by 
the  Drift,  so  that  the  river,  when  again  in  action,  had  to  reopen  its 
channel  or  make  a  new  one.  There  is  an  old  gorge  of  the  Niagara 
Biver,  commencing  at  the  whirlpool,  which  is  thus  filled.  The 
stream  afterwards  opened  for  itself  a  new'gorge  through  the  solid 
rocks.  This  may  seem  strange:  hut  water  has  power  only  when  in 
motion  :  and  it  will  consequently  leave  its  hanksof  earth  uniiij:ir»  <I 
and  wear  its  way  throii<rh  locks,  if  the  slope  favor  it.  Other  s»iiuilur 
cases  in  New  England  have  been  described  by  Hitchcock. 

Maieriai  of  the  Dr\fU — *th»  material  varies  from  fine  sand  and 
gravel  to  coarse  rounded  stones  or  boulders,  such  as  are  strewed 
thickly  over  much  of  New  England  and  New  York.  The  boulders. 
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while  usn.:lly  not  cxcoetlincr  a  cubic  foot  in  size,  ponu  titues  contuin 
a  thousand  cuhtc  feet,  and  Oi'cnsionally  over  twenty  thous:in«l. 

One  brmhlcr  in  Bradford,  Mass.,  ia  HO  feet  each  way  (llilclioock ),  ami  \vci;;h!* 
not  le:<.<«  tban  four  and  a  half  millions  uf  puundd.  Another,  in  Whitinj^ham.  i:i  thu 
Orccn  Moantaina  of  Vennimty  u  furty-three  feet  lung  and  thirty-twu  in  u\  cruge 
vidtb,  tM<i  Ml  40,000  eubie  fact  in  bulk.  It  lias  on  tba  top  of  »  nakail  Icdga. 
Ibny  on  Cape  Cod  Sfe  twenty  feet  in  diameter,  and  one  at  Winchester,  N.IL,  is 
tvcn  t  y  -  n  I  n  e  feet  aeroat.  In  tha  Lake  Snparior  r^ion,  boulders  of  natiro  ooppar 
bare  been  found. 

Dri/i  xcllhout  marine  fnsslfs. — The  Drift  has  afforded  no  proof  by 
means  of  shells  or  other  marine  relics  that  it  is  of  marine  ori;:in. 
It  C(»nta:n8  occasional  pieces  of  wood,  but  nothin;;  tliat  c.:u  be 
traced  to  the  ocean  or  suggests  that  it  viqa  formed  under  suit 
water. 

ArroHganent  ttf  the  matmal. — ^The  mirterial  is  coamst  to  the  north, 
■nd  becomes  gravel  and  sand  merely,  without  stones,  towards  the 
ioathem  limit  of  the  Drifl  region.  Kearing  this  limit,  it  stretches 
somewhat  farther  south  in  the  valleys  than  on  the  hills. 

Omraet  «f  Drift  som^imes  noi  eonfnrminfj  to  the  courses  of  cvi.sdnfj  scopes 
or  vfiflejs. — The  stones  sometimes  lie  in  long  trains,  as  in  Richmond, 
Berkshire  co.,  Mass.,  and  Iluntinjrton,  Vt.,  cro^slriL'  hills  and  val- 
leys, without  following;  the  line  of  slo|)e  ;  or  ^ojn;.'  ohli(juely  across 
a  valley,  as  if  the  valley  were  neither  an  inipedinnMit  nor  ;j:uide  to 
the  movenuMit ;  or  the  stones  of  one  ridge  ure  found  on  another 
ridge  separated  from  it  by  a  deep  valley. 

Tbo  great  maM  of  gneiss  at  Wbitingbam,  Vt.,  was  probably  transported 
aarofs  Deerfteld  vnllaj,  tbo  bottom  of  wbich  ia  $00  faat  balow  tbo  spot 
wbara  it  Ilea  (Hitcheoek).  A  bl:ick  of  franita  nearly  as  largo  lias  on  Hoosao 

Mountain,  on  the  f  iro  overlooking  a  valley  tbirtcen  hundred  feet  l>c1ow, — that 
between  f^tauifonl  and  Adonii^^-whieb  it  had  probably  eroaaad.  Sneh  examplas 
are  nuincruus. 

S'ourrr  if  f/ir  inaierinl. — The  Drift  (1)  is  derived  from  the  rocks  to 
the  north  <>f  where  it  now  lies,  mostly  between  northeast  and  north- 
west ;  in  New  Englan<l,  mainly  irom  the  northwest,  or  l)etwe(»n 
north  and  northwest;  and  (llj  it  has  been  transported  to  a  distance 
generally  of  twenty  to  forty  miles,  but  sometimes  also  sixty  or  one 
hundred  miles.  The  distance  is  ascertained  by  comparing  the  rock 
of  the  bouldeni  with  the  rocks  of  the  country.  The  granite,  gneiss, 
and  syenite  boulders  of  southern  New  England  have  been  traced 
to  their  original  beds,  somewhere  northward  of  them. 

Tbo  iron>ora  bad  of  CumlMrland,  Rhoda  lalaad,  fnmiabad  bouldart  for  tba 
aountry  south  to  Providenca^  tbirty^flra  mileiy  wh!l«  none  ata  found  to  ths 
northward.  (Uitchcook.) 
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In  sonthweBtern  Vermont  tho  granite  of  a  high  hill  between  Stamford  and 
Pownal,  which  is  almost  as  high  tu  the  Green  and  Ilousac  Mountains  lying  to 
tho  cast  and  southca.'^t,  has  been  carried  southeastwardly  over  the  western  «ides 
of  these  mountains,  and  over  a  very  hilly  region,  into  and  nearly  across  the 
State  of  Ma-^saohusctts. 

Largo  boulders  ittrow  thickly  the  north  shores  of  eastern  Long  Island,  which 
are  the  crystalline  roclts,  trap,  and  sandstone  of  New  England.  Southern  New 
York  is  strewed  with  pebbles  ond  boulders  of  the  Axoic  rocks  to  the  north. 
South  of  Lake  Superior  there  arc  boulders  which  have  come  from  the  north 
shore  of  the  lake. 

Attendant  phenomena, — Oroovlngs  or  Scratches. 

Besides  the  travelled  stones  and  earth,  there  are  deep  scratches 
or  groovings  in  the  rocky  surface  of  the  country  across  which  the 
stones  were  carried,  over  the  regions  of  quartz,  slate,  and  other 
rocks  not  undergoing  easy  decomposition  in  New  England,  New 
York  and  other  parts  of  the  country.    The  rock  when  uncovered 


Fig.  829. 


Drift  grooving,  or  scratches. 


is  often  scored  all  over  with  these  groovings.  The  very  hard  quart* 
rock  of  Vermont  and  New  York  was  not  able  to  resist  the  powerful 
agent. 

Clioracter  of  the  grocvinrf  and  wear  of  rocks, — The  groovings  are  ( 1) 
long,  straight,  parallel  lines,  often  like  the  lines  of  a  music-score, 
or  broad  scrapings,  ploughings,  and  gougings  of  the  surface. 
The  scratches  vary  from  fine  lines  to  furrows  half  an  incli  deep, 
and  occasionally  occur  a  foot  deep  and  several  feet  wide,  as  at 
Rowo  in  Massachusetts,  or  even  two  feet  deep,  as  on  the  top  of 
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KoMdnoek  (Hitofaoock).  Thej  ai<e  (2)  Uiieklj  oMmdad  over 
laige  areM,  as  if  ihe  whole  had  been  under  finctioii  team  a  maas  of 

material  which  spread  over  and  covered  it.  At  ihv  same  time, 
(3)  the  Tariatioiis  from  broad  smooth  planings  and  ploughings  to 
deep  groovings  and  fine  scratches  show  variations  in  the  moving 
mass.  Also  (4)  tlie  channels  are  sonu'times  made  of  broken  lines, 
or  a  succession  of  sli;iht  curves,  as  if  from  hitches  in  the  progress 
of  the  gouging  agent;  and,  conung  to  the  edge  of  a  layer  wliore 
there  wha  u  budden  descent,  tiiey  have  occasionally  chipped  it  uH', 
as  if  the  heavy  body  had  gone  down  with  a  jump. 

Again,  (6)  broad  lurfikoes  hayo  been  smoothed  or  poliihed  by  the 
•ame  agency,  and  exposed  rocky  ridges  have  been  rounded,  pro- 
ducing smoothly  rounded  knolls  or  hummocks,  like  what  are  called 
rochet  nmiUtnncs  in  the  Alps. 

Direction  of  the  groovings^ — Again,  (G)  the  groovings  have  a  general 
southward  direction,  varying  mostly  between  S.  20°  W.  and  S.  20**  £. 

In  New  England  tho  most  common  cour.^c  is  about  S.  10°  E.  In  central 
Ma.i<<achusett5,  bctwpen  S.  8"  E.  anJ  S.  15°  E.  ;  in  eastern,  about  S.  20°  E. ;  in 
the  Berkshire  Mountains,  S.  50°  E. ;  about  Mount  Washington,  S.  18°  E. ;  in 
Vermont,  S.  10°  but  varying  between  S.  80^  W.  and  S.  75°  or,  omitting 
•wtptional  oacea,  lwt«««a  S.  S5«  W.  mad  8.  25"  B.  On  the  vest  sid«  of  tlM 
Oreen  Monntaias  tho  course  \*  mostly  wilbia  a  few  degrMi  of  north  aad  south. 
It  i<  the  panic  in  eastern  New  York. 

In  M.'iinc  the  courses  have  un  unusual  amount  of  oiistinf'.  According  to  the 
ob^crvatiuna  published  in  the  Geological  Report  of  C.  11.  Hitchcock,  sixty-six  in 
amber,  thoy  vary  botweoa  S.  80<*  W.  and  S.  70"  E.,  bnt  exolading  three,  ho- 
tmea  8. 17"  W.  and  &  MP  B.;  aad  about  a  fourth  of  all  are  between  8. 40"  B. 
SMi  8. 70°  E. 

In  western  New  Yurk  tho  course  is  mostly  southwest;  in  Ohio,  generally 
aontbeasterly,  and  the  same  in  the  larger  part  of  Michigan  and  Illinois;  in 
Iowa  and  Wieoonsin,  and  orer  the  oonntry  to  the  Lake  of  the  Woods,  fh>in  the 
northward.  In  northern  Michigan  the  eonrses  vary  between  W.  by  8.  aad  8.W. 

T\do  cr  more  sets  qf  gnovings, — ^There  are  (7)  frequently  two  or  three 
sets  of  groovings,  differing  a  little  in  direction.  Thus,  in  western 
New  York  there  is,  in  addition  to  the  northeast  system,  a  subor- 
dinate north  and  south  system  (Hall).  On  Isle  La  Hotte  in  Lake 
CSiamplain  there  are  eight  sets  (Adams),  although  usually  not  over 
two  or  three  in  Vermont. 

Groovings  on  elevated  mmmif^. — Again,  (S)  tho  srratohcs  are  found 
on  tho  lioights  as  well  as  lowor  hinds.  Tin  y  occur  to  a  hoi^hl  of 
50<M)  foot  on  tho  Green  Mountains  (  Hitchcock) ;  on  tho  top  of  Jny 
Pe-ak,  40(X)  foot  high  (Adams)  ;  on  the  top  of  Monadnock.  In 
some  instances  (9)  the  wear  and  scratchos  are  most  decided  on  the 
north  side  of  elevations.  Professor  Hitohoook  has  observed  that 
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ICount  Monadnoek  in  New  Hampshire^  32S0  feet  high,  is  icerified 
from  top  to  bottom  on  its  northern  and  western  sides,  bat  not  on 
the  southern. 

MelatkM  ^  groovings  to  theeowrtcs  of  valUys. — Again,  (10)  there  is  in 
general  no  conformity  between  the  direction  of  the  slopes  of  tlie 
minor  valloys  or  floclivitios  and  the  coui*scs  of  the  groovings*  Thtf 
IB  obviolu  from  the  fact  of  a  prevalent  directiou. 

There  nro.  however,  cxcej.tions.  At  JomtvUle,  Vt.,  the  three  cour-ea  S.  38* 
E.,  S.  4j°  K.,  ami  S.  0.")°  K.  iiiti  r.MH-t  one  nnother,  nml,  accoplin-,'  t<>  C.  11.  Ilitch- 
eock,  tbcy  vary  in  direction  with  tbo  windings  uf  tbo  valley,  though  etrungeft 
•D  tho  northvstt  jrfds  of  ths  vsllsy.  Sevsnl  othsr  essw  sis  BMBtioiBoil  ia  tlw 
Qoologloal  Report  Vermont  where  the  femtehee  eoneepond  to  the  eoune  of 
a  valley. 

But»  (11)  taking  into  view  the  UxX  that  the  great  TaUeys  of  New 
England  and  eastern  New  York  run  north  and  south, — that  is,  the 

Connecticut  River  and  tlie  Hudson  River  valleys, — ^it  appears  that 
there  is  a  conformity  in  these  coses  between  the  direction  of  the 
valleys  and  the  courses  of  the  grooving?.  Alnni;  tiu*  borders  of  the 
Connecticut  the  courses  8.  H°  E.  to  S.  10"  W.  ai'e  very  common,  at 
well  as  over  the  country  east  and  west. 

Grmcinys  on  Uhjh  SHmmiUt. — (12)  (iroovings  over  the  highest  parts 
of  the  summits  in  the  Green  Mountains  on  which  they  occur,  were 
more  easterly  in  direction,  according  to  Hitchcock,  than  those  OTsr 
the  general  surfhce  below. 

The  following  aro  a  few  examples ^~0n  Mansfield  Mountain,  4S4S  feet  high, 
the  eourae  ia  6. 20^  E. ;  oti  Jny'M  Peak,  4018  feet,  S.  40^  S. ;  on  Caae^'a  Ilaap, 
4ISS  foot,  8.  40°  E.;  Mount  IluIIy,  feet.  S.  W  E. ;  scvernl  peaks  in  the 
]Ioo<<:io  range  in  MuftflachusctUt,  S.  •(.')°  K.  to  S.  70°  E.  llitcbeoek  alao  gim 
S.  40°  W.      another  course  observed  on  Mansfield  Mountain. 

Again,  (13)  groovings  are  seldom  found  on  the  touih  wide  of  the 

higher  summits. 

(h-'>nr',„ff  of  Ixnifdcrs.  —  Air.nn,  (14)  the  boulders  and  stones  are 
sometimes  scored,  as  well  as  the  rocks  beneath  them. 

Dkift  in  Foibion  Gouxtbibs. 

The  Drift  presents  the  same  eharncteri»tic«  on  the  other  conti- 
nents as  in  North  America.    It  is  confined  to  the  northern  half  of 

Europe  ;  that  is.  Britain,  Denmark.  Russia,  northern  Germany,  nnd 
Pol.md,  down  to  the  parallel  of  .J0^ — a  lijie  whicli  has  nearly  the 
same  mean  temperature  now  as  the  southern  limit.  39\  in  tht» 
ITnited  States.  In  South  Ainei  ica  it  is  met  with  from  Tierra  del 
Fue^o,  as  far  towards  the  equator  as  41°  S. 
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The  course  of  tiio  stones,  gravel,  and  sand  in  each  case  was 
tomrcb  the  eqiuitor« 

In  Europe,  they  crossed  the  Baltic  from  ScandinavU  to  Ctermany, 
many  of  great  siie ;  and  other  Soandinavian  rodu  were  carried  to 
the  coasts  of  Britain.  The  general  direction  is  firom  the  north- 
ward, or  between  north  and  northwest. 

The  distance  of  travel  varies  from  five  or  ten  miles  to  five  or  six 
hundred. 

Soratchos  are  also  common  in  tho  Drift  ropions  of  Europe»  and 
are  evidently  part  of  the  results  of  the  Drift  movement. 

Fiord  ValleTS. 

Another  great  ikct  that  belongs  to  the  Drift  latitudes  on  all  the 

continents,  and  may  have  the  same  origin,  is  the  occurrence,  on 
the  coasts,  of  fiord  valleys, — deep,  narrow  channels  occupied  by  the 
!*ea,  an<l  extending  inland  often  for  ")()  or  lOO  mih's.  This  geogra- 
phical connection  with  tlic  Drift  i>  a  striking  one.  Fiords  occur 
on  the  northwest  coabt  ot  Hinope,  from  the  British  Channel  north, 
and  abound  on  the  coast  of  Norway.  They  are  remarkably  dis- 
played on  the  coasts  of  Greenland,  Labrador,  Nova  Scotia,  and 
Maine.  On  the  northwest  coast  of  America,  from  the  Straits  of  De 
Foca  north,  they  are  as  wonderftil  as  along  Norway.  On  the  coast 
of  South  America,  they  occur  in  Drift  latitudes  from  41^  S.  Drift 
latitudes  are  therefore  identical  nearly  with  the  fiord  latitudes. 

General  Obaervattoos. 

Origin  of  the  phenomena  of  the  Glacial  epoch. — The  Drift  epoch 
is  usually  called  the  Glacial  epocii,  under  the  idea  tliat  ice,  either 
in  the  form  of  icebergs  or  glaciers,  was  concerned  in  the  transporta- 
tion of  the  boulders,  pebbles,  and  earth.  Ice  may  float  masses  of 
many  thousand  tons'  weight,  when  in  the  condition  of  an  iceberg, 
for  twenty,  thirty,  or  hundreds  of  miles ;  and  so  glaciers,  as  in  the 
Alps,  may  bear  along  great  masses  of  rock  or  earth.  But  simple 
mnning  or  moving  water  is  comparatively  feeble  for  such  results. 
There  are,  then,  two  theories,  the  Icchcrg  and  the  Glacier.  The 
former  supposes  large  parts  of  the  continents  untler  the  sea;  the 
latter  places  the  same  regions  above  the  jsea,  and  j)erhaps  at  a 
higher  elevation  than  now.    They  thus  diverge  at  the  outset. 

1.  Iccbt  ry  thi-nrij. — (1.)  The  Iceberg  theory  supposes  a  submergence 
in  New  England  of  2000  to  4000  or  5000  feet.  It  requires  that  the 
submerged  area  should  have  extended  wherever  the  drift  occurs 
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that  it  extended  beyond  tlut  limit  tlie  fikets  give  no  eridenoe.  It 
therefore  reached  to  the  Ohio  on  the  south,  if  npt  beyond,  and 
fur  to  the  north  over  the  British  poflseeaions,  to  a  limit  north  which 

is  yet  undetermined. 

It  appeals,  further,  to  the  facts  that — 

(2.)  The  icebeips  of  the  Athintic  are  floated  southward  from  the 
Arctie.  and  eonie  tV(Mghted  with  a  va.st  amount  of  stones  antl  earth  ; 
and  that  many  of  them  at  the  present  day  descend  along  the  eoa^t 
of  Labrador  and  Ncwiouadland  and  over  the  Newfoundland 
Banks,  and,  as  they  melt,  cover  the  coast  with  blocks  that  are  aa 
large  as  any  of  the  Drift  epoch,  and  also  strew  the  sea-bottom  with 
both  stones  and  earth. 

(3.)  The  great  Labrador  conrent  (p.  41)  has  the  general  direo- 
tion  of  the  drift  stones  and  scratches,  or  from  the  northward,  and 
mu.st  have  always  had  this  course. 

(4.)  The  material  de]iosit*Hl  l)y  melting  bergs  would  be  iiiutrati* 
fied,  and  contain  few  it  anv  sea-relie.s. 

(5.)  Stones  in  the  foot  or  under  surface  of  a  grounded  berg 
would  scratch  the  surface  over  which  it  might  move. 

(6.)  Accumulations  of  sand  and  pebbles  having  a  resemblance 
to  b«tch-<leposits  occur  at  different  heights  in  ICassachusetts  from 
800  and  .under  to  2600  fiset,— the  last  in  the  White  Mountains  and 
elsewhere  (Hitchcock). 

In  the  Iceberg  theoiy  there  are  the  following  difficulties: — 

(1.)  If  any  zone  or  part  of  the  continent  were  under  the  sea, 
wo  should  somewhere  look  for  that  sure  evi<lence,  marine  fossils. 
But  none  have  been  found.  One-half  of  the  Pliocene  species,  of 
sea-shells  still  live  ;  and  therefore  the  waters  were  not  destitute  of 
life.  The  Tertiary  and  Cretaceous  coasts  are  well  marked  by  these 
means  on  the  Atlantic  and  Qulf  borders.  The  shore  of  the  sea  of  the 
Drift  period  hss  not  been  traoed  by  either  beaches  or  shells.  The 
highest  point  of  shore  shell-beds  known  is  500  feet,  and  this  ocenn 
on  the  8t.  Lawrence  (p.  CAO) :  nothing  of  the  kind  occurs  OTOr  the 
Ohio  region  north  or  south  of  the  river. 

(2.)  The  icebergs  of  the  Atlantic  bring  their  burdens  from  the 
Arctic,  having  gathered  them  while  glaciers  about  the  Arctic 
mountains, — for  all  icebergs  are  fragments  from  the  lower  ends  of 
glaciers  broken  off  and  floated  away  by  the  sea ;  and  they  are 
therefore  not  exactly  psrallel  in  their  operations  with  the  means 
of  transport  over  New  England,  where  the  stones  and  earth  were 
carried  usually  less  than  fifty  miles.  Consequently,  if  iceberg  were 
the  means  of  transport  in  New  England,  those  icebergs  must  have 
oommenced  as  glaciers  about  New  England  mountnins,  an  idea 
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which  has  its  difficulty  in  tho  allo/?od  fact  (inferred  from  flip 
scratches  and  stones)  that  evon  Mount  Washiii<:toii  was  all  sub- 
merged but  a  thousand  feet,  and  Mount  Monaduock  to  its  very 
top. 

(3.)  It  seems  very  improbable  that  the  scratches  made  by  stones 
in  the  bottom  of  bergs  that  ohanced  to  be  grounded,  should  score  so 
anifomily  and  completely  the  wide  sorfisoe  of  a  region*  The  caose 
would  rather  make  few  and  distant  de^  channelings,  wiless  the 
ice  lay  regularly  over  the  whole  bottom, — a  condition  whidb  may 
be  that  of  the  foot  of  a  ghder  where  it  enters  the  sea,  bat  not  that 
of  an  iceberg. 

f4.)  The  submergence  of  the  northorn  part  of  America  as  far  as 
ih.-  soutliern  limits  of  the  Drift  would  make  a  warm  climate  for  the 
coiititit'nt.  and  not  a  glacial  periotl  (p,  45) ;  and  hence  there  is 
great  difhculty  in  accounting  for  either  icebergs  or  glaciers  uponf 
this  idea. 

2.  Qlader  tktory, — ^This  theory  is  sostained  on  the  ground — 

(1.)  That  glaciers  are  known  to  transport  boulders,  gravel,  and 
earth  down  very  gentle  slopes  as  ikr  as  glaciers  descend;  the  stones 
and  earth  of  icebergs  were  gathered  when  the  ice  was  a  glacier. 

(2.)  That  the  moving  glaciers  make  scratches  in  the  rocks  be- 
neath them,  and  on  l»oulders  or  stones,  precisely  like  those  of  the 
drift  regions  as  to  rc^rularity.  kind,  number,  and  all  other  jioou- 
Ilaritios;  and  that  ])olisIied  and  rounded  surfaces  are  other  common 
eft'ects  from  moving  ghu'iers. 

(3.)  That  glaciers  will  move  on  slopes  of  one  or  two  degrees: 
if  the  whole  surface  of  a  continent  over  the  northern  regions  were 
an  immense  glacier,  a  very  little  motion  would  produce  in  time 
great  results. 

(4.)  That  the  absence  of  marine  relics  and  all  sure  evidences  of 
any  seashores  over  tiie  continent  above  a  level  of  500  feet  above 
the  ocean  is  so  fitf  evidence  that  the  sea  did  not  cover  the  land  in 
the  Post-tort iary  period  to  a  higher  level  than  500  feet. 

(5.)  That  the  fiords  aflbrd  evidence  of  an  elevation  an<l  widening 
of  the  continents  in  the  higlier  latitudes ;  and.  as  n()rd-latitud<'s  and 
drift -latitudes  are  tht>  same,  this  epoch  of  elevation  was,  in  all  jiro- 
bability,  that  in  which  the  Drift  phenomena  were  produced.  This 
evidence  from  fiords  is  based  on  the  fact  that  the  valleys  which 
they  occupy  must  have  been  excavated,  like  most  other  valleys,  by 
the  action  of  running  water  or  ice,  and  this  could  have  been  done 
only  when  the  country  along  the  sea-border  was  so  raised  that 
they  were  occupied  by  streams  and  glaciers  from  the  land  instead 
of  the  waters  of  the  ocean.  (See  under  Djtnamieal  Geologjf,) 
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The  submarine  valley  of  the  Iludson  River  (p.  441)  may  have  been  foroMA 
daring  the  aame  eleyation  of  the  oontinent  io  whieh  the  fiords  originated.  The 
Connecticut  River  valley  \a  alio  distinct  uvcr  the  same  tubBWirgod  plntMa, 
ninf  south  from  the  channel  east  of  Long  Island. 

(6.)  That  an  elevation  of  the  oontment  OTer  its  northern  regions 
of  a  few  thousand  feet  is  sufficient  to  account  for  the  existence  of 

a  Glacial  epoch  in  the  earth's  later  history ;  and  an  elevation  of 
5000  feet  is  as  probable  as  a  subsidence  of  5(X10  feet. 

The  main  difficulty  enoountored  by  the  Glacier  theory  h  that  the 
land  to  the  north  has  not  the  .sloi)e  .su|)i)osed  necess.-M-v  t  -  iihi* 
glaciers  a  southward  movement,  and  it  would  not  acquire  lius 
8loi)e  by  any  probable  elevation. 

During  u  Glacial  epoch  of  the  kind  here  supposed,  the  whole 
northern  portion  of  the  continent  down  to  the  southern  limit  of 
*the  Drift  would  have  been  covered  by  a  vast  and  almoet  unintoT' 
rupted  glacier.  This  is  now  the  case  in  North  America  with  the 
return  of  nearly  every  winter.  But  the  depth,  instead  being,  si 
now,  but  a  few  feet,  and  that  mostly  of  snow,  must  have  bo^^n, 
jud^inji  from  the  height  on  the  hills  to  which  the  strite  extend,  si 
least  4iMM)  or  5(MM)  feet,  and  the  material,  as  in  all  such  thick  nocn- 
mulations,  would  have  been  ice  ;  and  above  this  there  may  have 
been  other  hundicls  of  tVet  of  snow,  (^ilaciers  of  so  vast  extent 
and  thickness  woukl  liave  moved  downward  wherever  tin*  condi- 
tions w  ould  permit,  like  the  glaciers  of  the  Aljis, — and  all  the  more 
readily  for  their  enormous  weight. 

There  are  two  conditions  to  be  considered : — F^rtt,  the  one  already 
mentioned, — ^the  existence  of  some  degree  of  slope  in  the  snrfiMs; 
ueondy  the  absence  of  barriers  to  prevent  descent  along  the  slope. 

Now,  to  the  northward  over  the  continent,  with  no  lofty  rangsii 
there  would  have  been  a  universal  barrier  in  the  ice  and  snow  of 
the  universal  <;lacier.  Hut  on  the  south  the  ice  would  have  had  s 
limit,  caused  liy  thi'  climate.  Motion  would  therefore  have  been 
mainly  to  the  southward,  if  it  took  place  in  any  direction. 

The  re<iuisite  slope  exists  now  in  New  England  and  eastern  New 
York,  along  the  Connecticut  valley,  east  of  the  summit  of  the 
Oreen  ICountains,  and  along  the  Hudson  River  valley  west  of  the 
summit.  The  motion  of  a  great  glacier  along  either  Talley  would 
have  given  the  same  direction  to  the  striss  and  to  the  lines  cf 
boulders  which  actually  exists.  It  would  also  have  scored  the 
sides  and  tops  of  the  minor  valleys  and  ridges,  regardless  of  th^ 
courses  and  declivities ;  and  as  the  glacier  finally  m^ted  away  it 
might  have  left  its  moraines  as  trains  of  stones  on  the  surface,  cross- 
ing deep  valleya  obliquely,  or  in  any  direction,  and  blocks  of  thou- 
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s^amla  of  tons'  wi  iglit  might  have  boon  lodgocl  on  tlio  to|)s  of  rulgos, 
miles  away  Iroin  tlieir  |>l;ico  of  origin.  Moroovi-r,  tin-  (iiccn  Moun- 
tain side  of  the  Connecticul  valK  y  would  naturally  have  given  that 
more  eaatem  direction  to  the  strife  observed  about  tlio  higher  sum- 
mits (p.  540),  because  the  general  8loi>e  is  eastward ;  while  below 
these  more  elevated  points  the  southward  inclination  of  the  great  val^ 
kgr  itself  would  have  directed  tlie  movement  of  the  extended  glacier. 

In  Uie  vicinity  of  Penobscot  Bay,  Maine,  according  to  J.  Dc  Lnski, 
there  arc  groovings»  polishings,  and  other  related  eflects,  in  perfec- 
tion, wliich  prove  beyond  question  tlie  former  existence  tliere  of 
an  extensive  glacier, — probably  ono  of  the  many  terminations  of 
the  continental  glacier. 

Su  it /<Tland,  besi<h»s  its  exaniplesof  small  mo(.lern  glaciers,  aflords 
evitleiic  c  ot  a  great  glacier  in  .some  former  time  which  serves  to 
illustrate  the  condition  in  the  Glacial  epoch  in  America.  At  the 
time  referred  to  (supposed  to  be  later  than  the  Glacial  epoch),  a 
glacier  stretched  from  Ht.  Blanc  and  other  Alpine  heights  over 
the  Swiss  plains  to  the  Jura  Mountains  on  the  borders  of  France, 
having  underneath  it  the  sites  of  Lake  Geneva,  Lake  Neufchatel, 
and  other  Swis.s  lakes.  1  be  declivity  of  the  Juras  facing  the  Alps 
was  coveretl,  to  half  its  height  in  many  places,  with  the  boulden* 
that  were  transported  by  tlie  i<  e;  and  ono  of  them — the  Pirrrr-,'t-f,o(, 
a  mass  of  granite  (oi-  more  properly  prntminn-) — is  iVl  feet  long  by  4H 
brt)ad,  and  {  ontains  about  4<>,<1(M)  cubic  feet,  eijuivalent  to  a  woiglit 
of  o(KK3  tons.  The  transi>ortation  of  this  and  other  sucdi  blocks  has 
been  attributed  to  icebergs.  But  Guyot,  by  an  extensive  explora- 
tion of  the  mountains  and  plains,  succeeded  in  tracing  out  the  lines 
of  moraines  across  the  plains;  and,  by  observing  the  kinds  of  rocks 
characterising  the  several  lines,  followed  each  up  to  the  peak  or 
pe*ks  in  the  Alp^  from  which  it  was  derived.  He  ]iroved  in  this 
way  that  the  Piare<t-lKd  and  other  similar  masses  of  the  same  part 
of  the  Juras  came  from  Mt.  Blanc,  an<l  that  the  red  sandstone 
l»onlders  accomi)anying  tbe  granitic  on  the  Jurns  were  from  the 
Aiguille  Rouge,  a  ncighboiing  >uinmit.  By  this  means  he  found 
that  the  order  of  succe>>ion  in  llie  peaks  is  repeated  in  the  or<ler  of 
*  the  lines  of  rocks  over  the  lowlands,  just  as  would  have  been  the  fact 
had  these  lines  been  originally  the  moraines  of  a  glacier.  He  fur- 
rier ascertained  that  the  great  glacier  from  Mt.  Blanc  which  bore  on 
Us  snrfhce  for  ninety  miles  the  Pknt^-lol^  and  multitudes  of  other 
Hnwicn.  small  and  great,  left  the  vale  of  Chamouni  (the  present 
terminus  of  the  Mt.  Blanc  glaciers)  by  the  valley  of  the  Trient,and 
so  passed  northward  into  the  valley  of  tbe  IMiono  :  thence  it  spread 
still  northward  and  westward  across  the  Lakes  of  Geneva  and  Neuf- 
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ohatel  to  the  Juras.  The  Alpine  heights  are  in  many  places  deeply 
grooved,  on  m  xnagnifioent  seale*  to  a  height  of  10,000  feet  abore 
the  sea  (as  well  seen  in  the  valley  of  the  Aar),  showing  tllkt  this 
was  the  height  of  the  ancient  glacier  in  the  mountains, — while  its 
depth  01*  thickness  most  have  been  4000  or  5000  feet.  The  slope 
from  Ht.  Blanc  to  the  Jnt-iu  back  of  Neufchatel  averages  veiy 
nearly  one  degree, — equivalent  to  one  foot  in  sixty.  There  are 
other  blocks  in  the  Ali>a  still  larger  than  tlio  Pierre-<i-i*o(,  One  of 
them,  at  Steinhof,  near  Seeborg.  contains  fil.lXX)  cubic  feet, and  has 
travelled  from  its  orifiinal  site  noarly  200  miles. 

These  facts  from  Swit/orlatid  spoin  to  bo  but  a  repetition  of  tliose 
observed  in  connection  with  tlie  l)rift  epoch  in  America  an«l  other 
regions.  They  will  be  better  upj>iedated  after  a  perusal  of  the 
pages  on  Oladers  under  the  head  of  Dynamical  Geology. 

The  GUeier  theory  moH  toH^aetory,  hut  the  letherg  theory  rejtdndy  ta 
aeme  ea»e»tfor  the  harden  ef  OmiSaMPU. — ^In  view  of  the  whole  sulyect, 
it  appears  ronsonablo  to  conclude  that  the  Glacier  theory  afibrds  the 
best  and  fullest  explanation  of  the  phenomena  over  the  genersl 
snrface  of  the  continents.  nn<l  encounters  the  fewest  difficulties. 
But  irel)erfrs  have  aided  beyond  doubt  in  producing  the  results 
along  the  bordci's  of  the  eontinetits.  across  ocean-channeN  Hke 
the  German  Ocean  and  the  Baltic,  and  possibly  over  great  htkes 
like  those  of  North  America.  Long  Island  Sound  is  so  narrow 
that'a  glacier  may  have  stretched  across  it. 

In  Europe  icebergs  were  evidently  more  extensive  in  their  opera- 
tion than  in  America.  Glaciers  have  probably  continued  thers  in 
action  from  the  time  of  their  first  appearance  on  the  oontSnent  to 
the  present  day ;  and  the  Glacial  era  on  that  continent  may  not, 
tlierefore,  be  the  welWefined  period  that  it  is  in  North  America. 

Geography. — Thr  frfnnnf  epnrh  an  rpoeh  of  liiiih-latUucie  rfna/ion. — 
Tlie  evidence  presented  with  legard  t<^  an  epoch  of  unusual  eold  in 
the  early  Post-terti.irv.  when  glaciers  an<l  iceliergs  prevaibxl  vastly 
beyond  their  existing  limits,  leaves  little  doubt  that  the  e[XR*h  was 
one  of  some  increase  of  elevation  throughout  the  drift  or  cold  lati- 
tudes. The  elevation  may  not  have  aiBsoted  every  part,  but  yet 
was  sufficient  to  make  the  northern  and  southern  hemispheres 
alike  in  their  glacial  phenomena.  This  eividenoe  is  strengthened  fay 
the  fact  that  fiords  occur  in  the  same  latitudes,  north  and  south. 

The  author's  views  on  fiords  and  the  epochs  of  the  Poet-tertiary 
period  weie  f^rst  published  in  the  Amer.  Jour.  ScL  [2]  viL  37^ 
1849,  and  xxii.  .325,  .340,  1856. 

See  further,  on  Glaciers,  Appendix  D. 
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2.  GHAMPLAIN  EPOCH. 

American. 

The  CnAMPLAiK  epoch  in  go  named  from  beda  of  the  epoch  on  the 

borders  of  Lake  Champlain. 

The  term  rhanii<1ain  ]■<  applied  to  marm«  dflpOlitS  Of  tlM  «pOell  hj  Hitohooek 
is  the  Report  ou  the  Geology  of  Vermont. 

Z.  Rooks:  kinds  and  distribntion. 

Duiri6ulion.'--The  distribution  of  the  formations  of  the  Champlain 
epoch  may  be  treated  of  under  three  ht  ads:  (a)  river-border  forma- 
^ns;  (6)  lake-border  and  Other  lacustrine  formations;  («)  marine 

or  sea-border  formations. 

(a.)  Hiver-ftorder  /nrmadons. — From  New  En^rland  to  California  and 
Oregon,  over  the  wide  range  of  the  continent,  the  river-vall«  vs 
contain  extemive  alluvial  formations.  The  bedn  overlie  the  drill 
of  the  Glacial  epoch;  where  th^  occur  together,  as  has  been  ob- 
aenred  in  several  places;  and  they  generally  reach  to  a  height  for 
above  that  of  present  alluvial  action.  The  Connecticut  River, 
Hudson,  Mohawk,  Ohio^  Sacramento,  Willamette,  and  numerous 
other  valleys  afford  fine  opportunities  for  their  study. 

The  formation  along  tlie  course  of  any  river  has  nearly  a  flat 
summit,  and  is  the  foundation  of  tlie  elevated  plateau  of  the 
valley;  and  very  often  there  are  plains  at  one  or  nioi't«  levels  besides 
tiie  upper,  so  that  the  whole  makes  a  series  of  terraces. 

The  sketch  on  p.  548  (fig.  830).  from  the  Connecticut  River  valley 
some  miles  south  of  Hanover,  N.H.,  represents  the  general  appear* 
anoe  of  the  alluvial  formation  with  its  terracec)  surface.  The  de- 
scents of  a  road  in  the  neighborliood  of  rivers  are  mostly  from  tlie 
top  of  one  of  the  tables  down  to  the  bed  of  a  streamlet,  the  origin, 
perhaps,  of  the  cut;  nnd  tlie  ascent  on  the  opposite  side  carries  tlie 
road  to  the  upper  lev«'l  again.  The  borders  of  all  sueh  cuts,  tlien^ 
fore,  and  of  river-valleys  gen«'rally,  are  excellent  plai  for  observ- 
ing the  features  of  the  alluvial  landscape  and  studying  its  beds. 
Up  or  down  the  stream,  horizon tiU  lines  may  often  be  traced  for 
miles,  marking  the  limit  of  one  or  more  of  the  several  terraces  bor* 
dering  it.  Many  villages  in  the  vicinity  of  rivers  owe  a  large  part 
of  the  beauty  of  their  sites  to  these  natural  terraces  of  the  country. 

This  alluvial  formation  appears  to  characteriae  all  the  river-val- 
leys of  the  continent  over  the  drift -latitudes,  and  also,  to  a  less 
extent,  still  farther  south  in  the  latitudes  of  JCentucky  and  Ten- 
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nessee,  so  that  it  may  be  said  to  have  a  continental  diistribution. 
It  is  not  yet  nscertnined  whether  it  is  distinguishnhh>  by  greater 
elevation  from  the  present  river-flats  in  the  valleys  of  the  States 
bordi'ring  on  the  Gulf  of  Mexico. 

It  generally  accompanies  the  whole  course  of  a  stream  from  its 
mouth  to  its  source  in  the  mountains.  It  foUow^s  even  all  the  tribu- 
taries, and  fails  only  where  the  stream  is  a  steep  mountain-torrent 
or  is  boun«l»'d  hy  lofty  walls  of  rock.  A  map  showing  the  distribu- 
tion of  the  formation  will  hence  be  like  that  of  the  rivers,  with  the 


Fig.  830. 


I 

Temces  on  the  Connecticat  RiTer,  sonth  of  HuiOYpr,  N.H. 


bame  variations  of  course  for  each,  excepting  the  minor  irregulari- 
ties and  a  much  greater  breadth. 

These  valley  alluvial  beds  contain  no  traces  of  marine  relics,  and 
no  evidence  whatever  of  any  but  a  fresh-water  origin. 

(A.)  Lake-border  and  ofher  lacusfrinf  formations. — Formations  similar 
to  tliose  along  river-valleys  exist  about  lakes  in  the  same  latitudes. 
Tliey  are  often  called  Uar fit's,  or  larnstrinr  formations.  Where  a  river 
flr)WH  into  a  lake,  the  elevated  plain  of  the  river-alluvium  is  gene- 
rally continuous  with  that  borderini;  the  lake. 

It  is  not  safe  to  conclude  that  all  the  upper  lake-border  forma- 
tions belong  to  the  Champlain  epgch,  any  more  than  that  all  elevat*^ 
•ea-beaches  contaijiing  recent  shells  are  of  the  same.  Yet  in  North 
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America  these  Champlftin  formations  of  all  kinds  over  the  continent 
.  are  so  combined  in  system,  botli  as  to  extent  and  elevation,  that  it  is 
generally  not  diiiicult  to  arrive  at  a  right  decision  on  this  point. 
There  are  many  examples  of  the  direct  passage  of  the  high  plains 
along  a  river  into  that  of  the  lake,  or  into  that  of  the  sea-border, 
where  the  river  empties  into  the  one  or  the  other,  in  which  the 
mutual  relations  and  dependence  of  the  whole  cannot  be  doubted. 

Besi<les  these  border  formations  of  lakes,  there  are  also,  overlying 
the  Drift  in  many  places,  beds  of  marl  or  calcareous  earth  formed 
from  fresh-water  shells  in  the  ponds  and  smaller  lakes  of  the  epoch. 
This  shcll-marl  is  of  great  value  as  a  fertilizer.  Beds  of  peat  were 
often  in  progress  afterwards  in  the  same  j)onds  as  they  were  gradu- 
ally drained  and  became  marshes.  The  shells  are  all  of  existing 
species. 

In  elevated  regions  without  rivers  or  lakes,  beds  of  the  formation 
may  sometimes  be  distinguished  by  a  more  or  less  perfect  stratifica- 
tion or  regular  arrangement  of  the  surface-gravel,  indicating  the 
former  action  of  water.  Such  beds  are  sometimes  called  brar/u  s  and 
attributed  to  sea-shore  action,  although  containing  no  evidence  of 
this  origin  from  marine  remains  or  other  satisfactory  marks.  They 
are  also  term<»d,  with  a  degree  of  propriety,  modlfird  drift. 

(<r.)  Sea-fjonUr  formations. — On  sea-shores,  also,  there  are  analogous 
dej>osits,  situated  above  the  height  at  which  accumulations  are  now 
in  progress.  They  often  have  the  characters  of  the  modern  sea- 
beach,  and  are  then  rightly  termed  ancirnt  sea-bearhf.s ;  and  the  ter- 
race, in  such  a  case,  about  the  mouths  of  rivers  passes  directly  into 
that  of  the  river-bordei*  formation.  In  other  places  they  resemble 
more  the  shallow-water  deposits  of  a  coast.  They  often  bear  dis- 
tinct evidence  of  tln'ir  marine  origin  in  the  presence  of  marine 
shells.  Such  beds  have  been  observed  near  Brooklyn  on  Long 
Island,  where  they  contain  shells  and  have  a  height  of  one  hundred 
feet  above  the  sea-level:  at  several  i^laces  on  the  coast  of  New  Eng- 
land :  on  the  shores  of  Lake  Champlain,  at  different  heights,  up  to 
393  feet  above  tide-level,  and  containing  shells  to  a  height  of  325 
feet :  on  the  borders  of  the  St.  Lawrence,  with  abundant  marine 
fossils ;  near  Quebec,  Montreal,  and  on  the  Ottawa,  to  a  height  be- 
tween 400  and  500;  and  beyond  to  Kingston.  From  this  point  the 
same  formations  continue  on,  and  border  Lake  Ontario,  but  they 
are  destitute  of  marine  remains. — the  waters  of  the  river  St.  Law- 
rence beyond  having  apparently  prevented  the  farther  ingress  of 
the  ocean  and  of  marine  life. 

Similar  beach  formations,  containing  recent  shells,  occur  in  the 
Arctic  regions  at  various  places,  as  on  Cornwallis  and  Beechey 
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lakadi  in  Bttfovr  Strtits,  where  th«y  are  §i  difBweat  heights,  to 
1000  feet  abore  the  tea. 

Maiaiali/  (hs  Aedlt^The  beda  ooiuriatof  looae  earth  or  loam,  dajr, 
grayel,  and  (xwaaimially  large  stOBea.  They  may  bo  either  destitate 
of  lamination, — a  very  common  characteriatic~or  finely  laminated 
like  the  silt  or  clay  of  river-flats.  They  are  sometimes  partially 
consolidatotl,  tliough  usually  little  more  compact  than  the  modem 
alluvium.  Some  of  the  layern,  especially  those  of  clay,  contain  hard 
concretions,  in  which  carbonate  of  lime  is  usually  the  concreting 
ingredient.  The  stratification,  wherever  observable,  is  horizontal 
or  nearly  so,  unless  disturbed  by  the  fall  or  undermining  of  masses. 

iDstmnees  occur  of  oontortions  in  the  clayey  layers  in  which  the  sandy  beds 
abovs  or  Mow  do  aot  psrtakSk  Butk  Imjm  of  clay,  whoa  thorottgbiy  wet,  will 
rssdOy  beooao  ioxod  flrom  §aj  latoraUy-aotlnf  pfsssoro  whoa  tiw  othsr  bods 

will  only  be  compresftcd ;  and  they  have  been  knowo  to  bo  fbrood  out  sitogolbtr 
umlor  the  superincunihont  pressure  of  a  high  bank. 

The  surface  of  the  upper  alluTial  plain  is  often  excessively  pebbly  or  stonj, 
bsesnn  of  dis  rsmorsl  of  fho  iasr  soil  in  whibh  tho  psbbiss  or  sloaos  wasi 
imboddod  by  tbo  winds  and  rains.  As  tho  bods  aro  soft,  thsj  an  rsadUy  won 
away  hj  both  caases.  In  many  regions  the  great  plain  is  changed  into  a  voe- 
ces«ion  of  hills  and  ri'lfjcs  by  the  action  of  the  rills  and  ^^treanilets  set  in  motion 
by  tho  rains,  and  tho  tiurfoce  of  each  becomes  spretul  over  with  the  stones  or 
pobbles  left  loose  by  the  process. 

Huehuu* — ^The  thickness  of  the  formation,  when  the  river  is 
large  and  the  Talley  broad,  may  be  thousanda  of  feet ;  for,  besides 
rishig  above  the  atream,  it  nnderltea  ita  bed,  filling  the  vaU^,  what- 
ever ita  extent,  down  to  the  true  Drift,  or  aome  other  anl^aeeiit 

formation.  If,  however,  aolid  rocks  form  the  bed  of  the  river,  the 
whole  thickneia  la  open  to  view.  All  the  material  of  the  valley- 
alluvium  belongs  properly  to  the  formation  of  the  Champlain  ofK^ch, 
excepting  tht*  portion  which  has  been  worked  over  and  brought  in 
by  the  stream  in  making  the  surface  of  the  lower  terraces  and  the 
modern  river-flata. 

Jldation  to  the  level  of  the  adjoining  river. — There  is  in  all  cases  some 
approximate  parallelism  between  the  upper  level  of  the  formation 
and  that  of  the  bed  of  the  acyoining  river,  although  often  obscured 
by  the  wear  or  denudation  which  has  taken  plaoe  ainoe  it  was 
formed.  Yet  through  long  diatanoea  there  la  often  a  gradual  and 
regular  divergence  from  thia  i)aralleliam,ln  two  ways. 

(I.)  There  is  usually  over  the  continent  n  alight  increase  of 
height  in  going  north. 

On  the  coast  along  the  southern  borders  of  New  laglaad,  as  at  the  raootb  of 

the  Connecticut,  or  at  New  Haven,  the  height  of  tho  upper  plain  above  the  rirer 
is  about  35  foot;  at  £ast  Uartford,  CL,  36  miles  north,  4U  feetj  at  Kast  Wind- 
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aor*  Ct,  48  miles,  71  feet ;  at  Long  Meadow  and  Springfield,  Mass.,  62  miles, 
IM  M;  at  WiUiuMttti  MaM.,  68  niilM,  IM  fett  (Hitehoook.)  At  Hsootw, 

JV.H.,  the  height  if  ftbovt  tl^h  feot.  (OAlMUrd.)  Measoriag  Arom  the  lower 
iiT«r>plain  in  each  case,  these  heights  are — at  New  Uaven,  30  feet;  UartfordySOj 
B.  Windsor,  50;  Sprinf?ficl(i,  112;  Willimansett,  170;  Hanover,  182. 

The  sandy  t«rrace  butweea  Schenectadj  and  Albany,  N.Y.,  and  opposite  the 
lattar  plaea  <»  tha  aaat  M»  of  tlia  HadMn,  ia  830  to  836  Ibat  abora  tba  rirar. 
Ob  tlia  Ganaaaa  Utot  aait  of  Portaga  tha  vfifn  laral  ia  SS5  Ibat  abova  tha 
rirer. 

On  the  sonth  side  of  Lake  Ontario  the  "ridge-road"  terrace  has  an  elevation 
of  about  160  feet  above  the  lake,  or  690  above  tide-level.  There  are  eimiiar 
ki^  tamoaa  «B  Laka  Klia  aad  tha  odior  lakea  waat  On  tha  norUi  ahoia  «f 
Lako  Ssparior  tha  gnalaat  haifht  npofftad  ia  880  fnt  ahora  tha  laka. 

But  (2)  where  m  flTer  beoomes  much  dhniaished  in  tiie  towwrcb 
its  source,  tlie  height  of  the  upper  plain  diminishes  notwithstanding 
the  increased  northing,  on  the  general  principle  that  all  small 
streams  haye  small  alluvial  formations,  whether  modem  or  ancient. 

Mdation  to  the  level  <^  the  Ocean. — In  the  position  of  the  upper  limit 
of  the  river-formations  there  is  no  direct  relation  to  the  level  of  the 
ocean.  The  beds,  although  horizontal  and  undisturbed,  occur  at 
all  levels,  according  to  the  varying  heights  of  tlie  streams  or  lakes 
over  the  land.  Wlien  tlie  latter  are  two  or  three  thousand  feet 
above  the  ocean,  the  alluvial  formation  will  have  the  «anie  height, 
with  the  addition  of  some  dozent*  or  scor^  more  of  feet,  aa  the  case 
may  be. 

In  the  seapshore  Ibtmalions,  however,  theve  is  the  same  increase 
of  height  aboTC  the  ocean's  level  to  the  northward  as  there  is  in  the 

riyer-formations  above  the  level  of  the  flyer's  bed.  South  of  New 
York  the  height  observed  is  seldom  over  10  or  15  feet ;  in  southern 
New  England,  30  to  35  feet ;  on  Lake  Champlain,  468  feet ;  at  Mon- 
treal, 470  feet  above  Lake  St.  Peter,  or  450  feet  above  the  river  St. 
Lawrence  at  the  place.  In  the  Arctic  regions,  in  Barrow's  Straits  • 
they  have  in  some  places  a  height  of  1000  feet  above  the  sea. 

At  Brooklyn,  Long  Island,  sea-shore  dcpr>.«it8  are  100  feet  above  the  sea;  at 
New  Haven.  Ct.,  .35  feet;  at  New  London,  Ct.,  35  feet ;  at  Sankaty  Head  on  Nan- 
tucket, 30  feet.  In  Maine  they  ocour  at  many  places  near  the  coast,  h»  Port- 
land, ComlMfllaDd,  Bnmswiek,  Tbouaston,  ChsnyiaMI,  Labse^  P«rry,  etc,  at 
dfflbrsDt  •levstiona,  not sacMeffiiig  SOO  tet;  abo  diflCaat  from  ths  eoasl,at  CNor- 
diaflr,  Halluwell,  Lewiston,  Skowhegan,  Clinton  Falls,  and  Bangor.  At  Lewif- 
ton  a  starfish  and  various  iihells  were  foand  in  a  bed  200  feet  above  the  ocean 
and  100  above  the  Androscoggin  Biver;  at  Skowhegan  the  beds  are  IdO  feet 
above  ths  ooean,  sad  at  Bangor  100  IteL  (C.  H.  ntohoook.) 

There  aro  thell-bedf  si  wveral  levoli  sad  maaj  loealltiot  skof  Hm  St.  Law- 
TOMC^  obeenred  by  Logan,  and  part,  as  Dawson  has  shown,  arc  pca-beacho!;  and 
oChni  off-thoro  d^oaitt.  At  Montraal,  at  a  height  of  460,  m,  m,  200,  100^ 
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•bore  the  rirer,  or  20  feet  more  for  each  abore  Lake  St.  Peter ;  west  of  Mob* 
tntA,  BMW  KMBptTttler  At  •  iMight  or  250  futii  la  WiaehMtwr,  300;  in  Itatyoa, 

370;  in  Lo«hiel,261  and  200;  at  H.>1>1>ds  Fallt  in  Vltxroy ,  360 ;  at  Dalbam  MUK 
289;  in  the  countio?*  <>f  Rpnfrpw,  Laii.irk,  Carlton,  and  Lords,  42.i  :  ca^t  of  Mon- 
troal,  near  I'ptun  Statiin,  2j7;  farther  east,  on  the  river  Gouffre,  near  Mur> 
ray  Bay,  130  and  360  feet. 

The  too  foot  larol  near  Montml  was  appMentty  beneath  the  eea  at  the  Cimi^ 
a>  the  ahella  In  which  it  abounds  arc  not  littoral  apeoieet  neither  arc  the  i)[>eci- 
men:*  watcr-wom.  At  Rpiuiixirt,  near  QucIxh^,  there  arc  thick  hcd.''  of  thj."  kin<I, 
moKtly  made  of  shells,  partly  littoral,  and  situated  at  a  height  of  200  to  400 
feet  above  the  aea.  The  depth  of  water  inferced  for  tbeee  deep«iea  beds  hif 
Daweon  from  the  apeeiei  of  ahellt  la  100  to  800  Cset.  Dawaoa  makea  the  narine 
formation  in  Canada  to  consint  (1 )  <if  tho  dcop-water  clays  just  mentioned,  which 
he  calls  Lffn  <-/(iy*,  from  one  of  the  fo-sHil." ;  (2)  the  overljring  ahallow-water 
aauds  and  gravels,  called  also  tho  Sajrieavtt  tand. 

The  mora  eommon  ahells  of  the  Montreal  beda  are  the  following : — jhjrteanr« 
rmgota,  Jfga  truntntOy  TeiUnm  Oroeniandicn,  Attartt  LtmreuHti»a,  Mfftttmt  minita, 
Jfya  oreuarin,  Trlltun  mh  nrra,  X'ttirn  ilnunn,  and  Ltfirt  Pnrtlauflira. — the  last 
»  deep-water  Hpccics.  Among  the  Bcauport  species  there  are  the  foLlowing : — 
iYad'ca  Orotntandiea,  S.  JJeroa,  Turritella  erotOf  Scalaria  Gru^ulandictif  Lit- 
torima  pattiata,  Cardium  Orotnitmdiemmr  Catdimm  Mamdieum,  Pitettn  ItkindinHt 
Rhjfnchontlla  p»!uueea,  Sckitnu  granttlaiu*.  All  are  cold-water  ipecica,  and 
more  like  thnsi*  f>f  th<j  ojK  n  ?c  a  «liHrf  than  the  kinds  found  at  Montreal,  corre- 
sponding with  the  fact  (hat  Montreal  i.-*  l.">0  mileM  northwest  of  Hcaujiort  (  Daw- 
fon).  Tho  same  kinds  are  common  al»o  in  tho  Maine  beds.  The  species  thas 
Ikr  diaeorered,  with  perhaps  one  or  two  ezeeptions,  are  identleal  with  these 
now  inhabiting  the  Labrador  seas. 

The  (^apelin  (a  eonimnn  fi*h  on  tho  T,nl>rail(ir  <•na^t)  has  been  found  f.>««il  nn 
the  Chauditire  Lake  in  Canada,  183  feet  above  Lake  Peter;  on  the  Mada- 
waska,  206  feet;  at  Fort  Colongo  Lake,  365  feet 

Tlie  indicate  tliat  suit  waters  sprejui  over  a  largo  eoast-region 

of  Maine,  and  up  the  St.  Lawrence  nearly  to  Lake  Ontario,  and 
eoT^red  also  Lake  ChAmphun«  bendeo  several  Ganada  lakes.  Thii 
great  arm  of  the  Bea»  nearly  500  feet  deep  at  Montreal  and  in 
Lake  Ohamplain,  was  frequented  by  whales  and  seal:  remains  of 
both  kinds  have  been  found  near  Montreal,  and  a  large  part  of  the 
skeleton  of  a  whale — Bduga  Vermontana  Thompson  (fig.  840) — has 
been  dug  up  on  the  borders  of  Lake  Champlain,  60  feet  above  its 
level,  or  150  above  that  of  the  ocean. 

XL  General  Obaerwatkma. 

American  Geography. — The  close  approximation  in  height  \)e- 
tween  the  alluvial  and  sea-ehore  formations  in  the  same  latitudes, 
and  the  parallel  increase  of  height  on  going  north,  show  that  all 
belong  to  a  common  epoch,  and  have,  in  one  sense,  a  common 
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origin.  Th«  fiusto  prove  that  the  continent,  over  at  least  its  colder 
temperate  latitudes,  wae  depressed  below  its  present  level,  and  that 

this  depression  extended  across  it  from  the  Atlantic  far  towards  the 
Rocky  Mountains,  and  existed  also  west  of  the  mountains  over 
Ore,i:<'ii  and  < 'alifc^rnia. 

Tlif  amount  of  drju'ossion  was  liO  foot  aloni;  southorn  Now  Kng- 
huid.  iia  proved  by  the  ch'vated  beaches,  it  was  .U)  to  50  in  north- 
ern Connecticut,  100  to  170  in  Massachusetts,  and  from  170  to  200  in 
New  Hampshire,  as  shown  by  the  height  of  the  upper  river  terrace 
on  the  Connecticut  above  the  lower  flats.  It  was  400  feet  about 
IsJce  Qiamplain,  and  450  or  more  in  the  vicinity  of  Montreal,  as 
indicated  by  beds  containing  marine  fossils.  The  upper  terraces  of 
theGreat  hake<  sliow  a  like  depression  in  their  vicinity, amounting 
to  at  least  l  lO  foot  on  tli<'  north  shore  of  Lake  Superior.  Tho  ol<^ 
vated  soa-bcaolios  <tf  tho  Arctic  correspond  to  a  depression  thoro  of 
10(K.)  feet  in  .some  regions.  Tlioro  was  therefore  a  marked  ireogra- 
phical  change  over  the  northern  latitudes  bctwt;en  the  (jhuial  and 
Champlain  ei>och8,— a  change  from  a  condition  of  elevation,  in  which 
the  sea-border  lay  outside  of  its  present  limits,  to  one  of  depfemon,  in 
which  the  ocean  encroached  again  on  the  land,  making  Lake  Cham- 
plain  and  the  St.  Lawrence,  for  a  long  distance,  arms  of  the  sea. 

The  subsidence  may  have  affected  the  southern  part  of  the  United 
States  an<l  carried  the  continent  there  eiirht  or  ton  feet  below  its 
present  level.  Tiio  evideiiei'  i><  not  s.itisfa*  tory  on  this  |)oint.  On 
the  Pacific  side  of  tlie  continent  the  subsidence  amounted  to  son\e 
hundreds  of  feet.  It  is  probable  that  the  aurilorous  gravel  of 
California  was  made  from  the  pre-existing  rocks  and  distributed 
over  the  hills  and  valleys  during  the  Glacial  and  Champlain  epochs. 

Sea-beachos  mark  the  prcHcnco  of  the  sea  in  so  many  places  about  New  £ng« 
bad  and  Canada  that  we  admit  at  ones  the  eanalnsion  they  saggest.  And, 
being  so  eommon  to  the  height  mentioned,  we  certainly  have  abundant  re n son 

for  dotibtintr  any  <li'jire««ion  of  the  ciinfinont  Wynnd  tlii*  extont.  llcnco,  thv 
Mibmorgenco  in  the  Glacial  period  of  4(HI()  or  .')000  feet,  required  to  meet  the 
Dece».sities  of  the  Iceberg  theory,  may  well  be  pronounced  altogether  im- 
probable. 

Climate. — (I.)  Temperature  of  Uu:  sea. — In  consequence  of  the  de- 
pression of  the  continent  mining  an  extended  gulf  of  the  river  St. 
Lawrence,  the  Labrador  or  polar  current  (p.  41)  would  have  carried 
its  waters  and  temperature  westward  beyond  Montreal.  As  the 
species  of  shells  in  the  elevated  beaches  are  all  such  as  inhabit  the 
present  coasts  from  the  Arctic  to  Maine,  the  temperature  of  the 
water  -  niu-^t  liavo  been  essentially  the  same  as  now.  By  reference 
to  tlie  Physiographic  Chart,  it  will  be  seen  that  the  North  Frigid  tem> 
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perature  sone,  the  coldest  of  the  ocean,  desoendB  now  on  the  ooart 
into  the  Ottlf  of  St.  Lawrence ;  lo  that  the  depieMUm  ooold  only 
have  given  greater  extension  to  the  waten.  The  lones  of  oceaaio 
tempeimture  in  the  Middle  Poet-tertiary  period  approadmated, 

therefore,  to  those  of  the  present  day. 

(2.)  Tmpenttim  tke  air, — oold  oceanic  temperature  and  a 
warm  climate  may  be  in  close  proximity ;  the  chart  referred  to 
gives  an  example  of  this  on  the  coast  of  Peru  (see  p.  43).  Hence 
Ave  have  to  look  to  other  facts  than  those  from  oceanic  species  to 
dt'teriuiiie  tlie  climate  of  the  epoch.  The  depression  of  the  land 
over  the  noi  tli  would  of  itself  be  a  cause  of  a  warmer  climate  than 
the  present  (p.  45) ;  and  this  inference  ia  rastained  by  the  life  o?«r 
the  land.  The  fkoti  on  this  point  are  stated  beyond. 

One  of  the  esrliest  effects  of  the  sabsidenoe  woiUd  have  been  the 
melting  of  the  glaciers  of  the  Glacial  epooh.  This  would  hare  made 
a  vast  flow  of  waten  oyer  the  continent  through  all  the  valleys 
which  had  been  in  process  of  excavationt  and  it  would  have  filU'd 
thorn  with  sand,  gravel,  or  earth,  making  each,  when  the  land  had 
rom^liod  its  lowest  depression,  a  vast  plain  of  alluvium  through 
whicli  the  stream  woiild  have  run  in  its  narrow  channel,  except  in 
its  times  of  floods,  when  it  may  have  spread  over  it*^  whole  bremlth. 
And  while  the  glaciers  were  disappearing,  many  a  stream  or  lake 
would  haTO  existed  to  stratify  the  drift  (p.  549)  and  cause  denadatioB 
in  elevated  plaoes  where  now  there  are  no  running  waters  within 
scores  of  miles. 

8.  TERRACE  EPOCH. 

The  Terrace  epoch  belongs  in  i>art,  at  least,  to  the  age  of  Man, 
being,  as  has  been  stated  on  p.  535,  a  transition  epoch.  But  the 
relations,  both  geographical  and  soological,  which  it  bears  to  the 
Post'tertiary  are  such  that  its  general  characteristics  are  most  con* 
yeniently  stated  in  this  place. 

DIatacllmticm  and  oslgln  of  tha  Ttermoaa  la  Iforth  Amailoa. 

The  sesrbesches  and  riyer-flatsof  the  Ghamplain  epodi  are  §A  the 
present  time  elevated  heaohm  and  i^ains ;  and  the  heights  of  many 
•  of  them  are  already  giyen  on  pages  549-552.  The  'time  when  they 
were  raised,  and  became  terraces  along  the  rivers,  lakes,  and  sea^ 
ooast,  corresponds  to  the  Terrace  epoch  ;  and  during  the  process 
other  parallel  terraces  were  formed.  Those  jiroofs  of  elevation  are 
cooxtonsivc  with  the  breadth  of  the  continent,  as  is  evident  from 
the  account  of  them  under  the  Champlain  epoch. 
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Oscillations  of  level  have  taken  place  in  many  regions  at  later 
times,  and  these  throw  some  doubt  over  the  exact  amount  of 
change  in  particular  regions  during  the  Terrace  epoch*  Yet  its 
duvactflrkte  itand  out  in  hM  relief:— 

(1.)  The  contineiital  extent  of  the  am  thai  was  elevated. 

(2.)  The  fiiet  that  there  was  an  inofeaie  in  the  amotint  of  eleva> 
tion  from  the  south  to  the  north. 

Th0  elevated  sea-beaches  of  the  Arctic  are  higher  than  those  of 
the  St.  Lawrence,  and  those  of  the  St.  Lawrence  higher  than  those 
of  southern  New  England ;  and  the  upper  terracos  of  the  Great 
Lakes  higher  than  those  south  of  the  Ohio.  The  chang<'  of  level 
was  eminently  northern,  like  that  introducing  the  Champlain  epoch, 
only  diflerent  in  direction, — upward  instead  of  downward. 

The  formation  of  the  riTer-terraces  (fig.  830,  p.  548)  has  been 
stated  to  he  a  oonaeqnenoe  of  the  elevation  of  the  land.  This  is 
iDnstrated  in  the  following  cats..  The  condition  of  a  river  and  its 


Stetloa  of  •  TBllij  la  ths  GhMoplain  epoch,  with  dottedlioMdiowiiig  tks  t«SMi  «f  lbs 

T«rr«o«  opocb. 


river-flat  in  the  Champlain  epoch  is  shown  in  fig.  831,  in  which  J2  is 
the  riyer-channel,  in  the  hroad  river-flat  //^.  Bivers  in  an  open 
coontiy  have  always  hoth  these  two  elements,  a  ehmmel  and  a  nwr> 
Jlat  or  Jlood-pkdn.  The  stream  occupies  the  former  during  ordinary 

low  water,  but  spreads  over  the  latter  during  freshets.  The  sweeping 
violence  of  the  flood  determines  the  limits,  other  things  being 
equal,  and  the  flat  surface  of  the  flood-plain  or  river-flat. 

If  now  the  interior  of  a  continent  be  raised,  say  UK)  feet,  while 
along  the  sea-ooast  it  is  little  changed,  the  river  will  have  an  in- 
creased angle  of  slope,  a  quicker  flow,  and  greater  power  of  erosion; 
and  it  will  gradually  wear  down  its  channel,  if  there  are  no  rocks 
to  prevent,  nntfl  the  old  slope  is  again  attained.  The  flood-plain 
will  abo  sink  at  the  same  rate,  although  with  moie  or  len  changed 
limits,  owing  to  many  oanses  of  variation.  The  line  d<i^  would  then 
be  the  flood-plain  or  river-flat  with  its  channel  (below  R).  After 
another  similar  elevation,  b  1/  might  be  the  flood-plain  and  chan- 
nel. In  fig.  832  a  section  of  a  val^y,  thus  terraced,  is  represented. 
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(The  undorlying  drift,  beneath  tlio  ullnvitim,  Is  not  shown.)  It 
appears  thxxa  that  each  terrace  was  once  part  of  a  flood-plain  of  the 
river. 

In  the  above  explanation  the  terraces  are  supposed  to  correspond 
each  to  a  separate  period  of  elevation.  This  may  be  the  ca«e ;  and. 
when  so,  the  same  terrace  would  be  traceable  for  great  distance 
along  the  course  of  the  larger  rirers.  But  successive  terraces  msj 
be  formed  in  riTer-vallejrs,  either  (1)  during  a  slowly-|iro^«snng 
elevation,  or  (2)  in  the  course  of  the  wear  which  may  be  in  pro- 
gress between  periods  of  elevation;  and  it  is  often  difficult  to  di«- 
tinjiuish  lho«e  accidental  or  intermediate  plains  from  those  that 
are  distinct  records  of  change  of  level.  One  such  intermediate  tei^ 


Fig.  S32. 


BMtkm  of  •  valkjr  with  Mi  toRMM  ooaipleted. 


race  is  shown  at  r  in  fig.  832.  Some  of  the  conditions  producing 
them  are  the  following: — (1)  changes  in  the  river-ohannel  to  one 
nido  or  the  other  of  the  rivor-viilloy,  altering  tli(M»'hy  the  action  of 
the  Hood- waters  during  fresliets,  and  causing  them  to  eoinnu-nce 
wear  accordintr  to  a  new  outline  ;  (2)  resistance  t<^  wear  in  a  f»er- 
tion  of  the  alluvium,  owing  to  a  degree  of  consolidation,  or  to  some 
obstacle ;  (3)  a  permanent  diminution  in  the  waters  of  a  stream, 
arising  from  changes  about  its  sources,  or  in  some  other  way. 

It  is  important  to  observe  also  that  the  same  terrace  may  dif- 
fer in  height  ten  to  fifteen  feet  or  more;  because  (1)  the  flood- 
plains  of  rivers  (the  original  condition  of  the  terraco^latns)  often 
differ  much  in  height  in  different  parts  :  (2)  the  rains  and  ^trt^am- 
lets  often  wear  away  the  soft  material  of  the  terraces,  dimini-^hing 
their  hoiglit.  and  sometimes  o})literating  the  plain  altogether:  (3) 
the  winds  carry  otT  the  light  soil  of  the  surface, and  in  thecourseof 
centuries  may  produce  great  results. 

Again,  the  terraces  of  small  tributaries  at  a  distance  from  the 
river  into  which  they  flow,  are  lower  tlian  those  of  the  latter,  W 
cause  both  their  floods  and  their  eroding  power  are  less. 

Again,  when  there  are  rocks  in  the  course  of  a  stream,  a  terrsos 
above  the  rocky  barrier  may  differ  in  height  from  its  oounterpsrt 
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below,  bocau:>o  tho  gtrenm  is  unnblo  to  wear  down  ita  bed,  and  if 
more  or  less  dammed  up  by  the  barrier. 

Tho  following  fijinres  represent  terraces  on  rivers  in  New  Eng- 
lan<l,  as  Hgured  by  llitehcock,  and  illustrate  both  the  refiularities 
and  irregularities  of  level  among  them.  Fig.  833  is  from  the  vi- 
cinity of  Hadlej,  Mass.,  on  the  Connecticut ;  fig.  834  from  Hins- 

Tigi.  88S-8S5. 


SeetioiM  of  terraced  Talleys  in  New  England,  with  the  hetghtii  of  the  tcrracM  in  feet :  833, 
OB  the  Connecticut,  ;it  Iladley;  B,a  brook;  M,  Mill  Kivor;  H,  llntf\r*lil;  C,  Connecticut 
River;  Il^Uadlcgr;  S3t,on  Um  AabueUit, •(  lUnMUa«;  886, on  ttM Coonecticat, «t  Wal- 
pole. 


dale,  N.H.,  on  the  Aahuelot  River ;  fig.  835  from  Walpole,  N.H.,  on 
the  Gonnecticat.  In  the  last  the  opposite  terraces  of  83  and  94  feet 
are  prolwkbly  parts  of  one  and  the  same  level ;  and  so  also  the  up- 
permost, 226  and  243.  Tho  subordinate  ternvoes  are  quite  nume- 
rous on  the  left  side,  arising  in  part  from  the  fact  that  two  streams. 
Cold  and  Snxon  T?ivers.  enter  the  T'onneetieut  near  by. 

Other  (iin^idt  rations  lH':iriti:i  on  tliis  subjeet.  and  essential  to 
right  conclu!»ious,  are  prebcuted  in  the  chapter  beyond,  on  rivers. 

Owmtd  ObMnrattoos. 

Among  the  results  on  the  American  continent  of  the  elevations 
of  the  Terrace  epoch  were  the  following:  (1)  the  expansion  and 
elevation  of  the  land  bringing  it  nearly  or  quite  to  its  present  out- 
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line;  (2)  the  terracing  of  the  borders  of  the  lakes  and  rivers  over 
the  middle  and  northern  latitudes  of  the  continent;  (3)  the  re- 
ducing of  the  level  of  the  rivers  nearly  to  that  of  their  present 
ehanneb  and  flood-plains. 

Champlain  and  Terrace  Epochs  in  Foreign  Countries. 

Vast  alluvial  deposits  subsequent  in  origin  to  the  Drift  of  the 
Glacial  period,  and  river  and  lake  torrares,  are  as  much  a  general 
feature  of  Britain  and  Europe  as  of  North  America;  and,  moreover, 
the  phenomena  are  most  remarkable  over  the  more  northern  lati- 
tudes. But  the  lact  tiiat  glaciers  have  been  |)erpetual  in  Europe 
since  the  Glacial  period,  and  the  general  complexity  of  geological 
movements  about  that  comer  of  the  Ortent^  make  it  more  diffiealt 
to  locate  the  particular  oases  in  the  special  epoch  to  which  th^ 
belong,  or  to  separate  them  from  the  results  of  modem  chao^ea. 

The  terraces  in  Great  Britain,  and  eqieoiaUy  its  northern  part, 
Scotland,  are  on  a  grand  scale.  The  benches  of  Glen  Roy  are  an 
example  of  them.  The  upper  terrace  is  1 139  feet  above  tide4evel; 
the  second,  1059;  tlie  third,  847  feet.  This  is  one  among  many 
cases  that  might  be  rited.  As  a  general  thing,  elevat^^d  sea-beaches 
occur  on  the  coa^jtsof  regions  whose  interior  is  diversified  with  lake 
and  river  terraces.  When  the  facts  are  thoroughly  studied,  and  the 
exceptional  cases  traced  to  their  true  causes,  there  will  probably  be 
found  a  system  of  phenomena  which  will  prove  that  in  Europe,  as 
in  America,  the  Post-tertiary  was  a  period  of  higb-latitode  osdl- 
lationa ;  of  an  upward  movement  for  the  Glacial  epoch ;  a  down- 
ward—to so  great  a  degree  that  the  upper  flats  in  the  system  were 
flooded — for  a  following  epoch,  the  Champli^;  and  an  upward 
again  to  the  present  level  in  subsequent  time. 

As  an  example  of  the  peculiarities  of  the  European  continent,  it 
may  be  mentioned  tliat  the  great  Swiss  glacier  which  V>uried  all 
Switzerland  in  ice  probably  belonged  to  the  Tei  r;i(  e  ej.och  ;  for  the 
drift-stones  and  gravel  traced  to  it  overlie  the  alluvium  of  the  coun- 
try (see  p.  577). 

LIFE  OF  THE  POST-TBRTIABT. 

It  has  been  already  stated  that  the  plants  and  invertebrates  (Md- 

lusks,  etc.)  of  the  Post-tertiary  are,  with  a  rare  exception,  lub^ip^ 

CkTj,  while  the  Quadrupeds  are  nearh^  off  extinct 

The  Drift  epoch  in  America  has  afibrded  no  organic  reUos  except 
half-fossilized  wood.  There  is  as  yet  no  evidence  of  any  quadrupeds 
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VBtil  the  milder  duunplain  epoch  had  set  in.  In  Europe  there  ii 
not  thk  ezelnnon  of  orgaoio  remains  iirom  the  Drift. 

^Mrope  and  Asia, — ^The  Quadrupeds  of  Po8t-tertiarj  Europe  are  a 
great  advance  beyond  those  of  the  Tortiaiy  period  in  the  proportion 

and  sizo  of  the  Carnivores.  Ca- 
v»Tns  in  Britain  and  Europe  were  'Mf* 
the  (lens  of  gigantic  Tigersi  and 
Hyeuaa,  while  Pachyderms  and 
RiiminantB,  equally  gigantic oom- 
pared  with  modem  species, 
foamed  over  the  continent  fW>m 
the  Mediterranean  and  India  to 
the  Arctic  seas.  The  remains  are 
found  in  the  earthy  or  stalag- 
mitic  floors  of  caverns:  mirod  in 
ancient  marshes  :  buried  in  river 
and  lacuiitrine  alluvium,  or  sea- 
shore deposits ;  or  frozen  and 
cased  in  Arctic  ice. 

The  most  famous  of  the  ca- 
Tems  are  near  Kirkdale,  Eng- 
land, twenty-five  miles  north- 
northeast  of  York,  explored  by 
Buckland  :  at  Bristol.  England  ; 
Kent's  Cave  near  Tortjuay;  Gay- 
lenreuth  in  Germany. 

The  European  caves  were 
mostly  caves  of  Beam  (the  great 
Unusspdmu),  while  those  of  Eng- 
land were  occupied  hy  Hyenas 
(//yoM  jpeAsa),  with  few  bears. 
Fig.  83G  represents  the  canine 
tooth  of  the  Cave  Boar. 

.\t  Kirkflale,  the  Hyena  bones 
and  teeth — which  belonged  tout 
leuht  iseventy-five  individuals- 
were  mingled  with  remains  of 
extinct  speciesofElephant,Tiger, 
Bear,  Wolf,  Fox,  Hare,  Weasel, 
BhinooeroB,  Horse,  Hippo})ota- 
muSfOx,  and  Deer, — all  of  which 
then  populated  Britain.  The 
Hyenas  hither  dragged  the  dead  carcasses  they  found,  and  lived  on 
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the  boneB,  Mid  alio  the  bones  of  fellow-Hyenas :  and  the  bottom 

of  the  cave  was  covered  with  the  fragments.  Calcareous  excre- 
ments wore  also  abundant,  quite  similar  to  the  excrements  of  the 
moUeru  ilyeua  of  south  Africa  (i/.  crocuta). 

Some  idea  has  been  given  of  Britain  in  the  oge  of  Reptilca.  The  followlnr 
from  Owen  privcs  a  later  piotoxo  of  England, — England  in  the  Pott-tertiaij,  the 
last  age  before  Man. 

**  Oigantle  Elephants,  of  nearly  twiee  th»  Imlk  of  the  largest  individiMla  that 
now  exist  in  C^lon  and  Afriea,  roattod  Imie  In  i»rdiyif  wo  may  |ndga  ft«m  tha 
abandanee  of  their  remains.  Two-hurncd  Rhinoceroses  of  at  least  t\ro  .^{>ccte« 
forced  their  wu}'  through  the  ancient  forests,  or  wallowed  in  the  ?w:unii-.  The 
lakes  and  rivers  were  tenanted  by  liippopotamuaes  as  bulk^'  aud  wuh  as  for- 
midable tttslu  as  tbofo  of  AfHea.  Three  kinds  of  wOd  Oxen,  two  of  wbieh  wore 
of  oolosml  strength,  and  one  of  these  maned  and  villous  like  the  Bonassusr 
found  subsistence  in  the  plain?."  There  were  also  Doer  of  gigantic  diraen- 
sionH.  wiM  Horses  an<l  Boars,  u  Wild-Cat,  T.vnx,  Lcopnrd.  a  Hriti-h  Ti^er  larger 
than  that  of  Bengal,  and  anuthcr  Carnivore,  as  largo,  of  the  genus  J/cic-A«'/Y></it«, 
wbieh,  "from  the  great  length  and  sharpness  of  its  sabre^baped  eanlaos,  some- 
times  eight  inches  long,  was  probably  the  most  ferocious  and  destraetlvo  of  its 
peculiarly  carnivoroii!*  fniiHly."  "  Besnides  these,"  continues  Profcoxor  Owen, 
"troops  of  Hyenas,  larger  tlian  the  fierce  HyKtm  crnrufn  of  ."outh  Africa,  which 
they  mo«t  rc^culblod,  crunched  the  bones  of  the  carcasses  relinquished  by  the 
nobler  boasts  of  prey,  and  doubtless  often  themselves  waged  a  war  of  extermi- 
nation on  the  feebler  quadrupeds.** 

There  were  also  in  Hritain  a  savage  Bear,  hiririT  than  tho  Grisly  Bear  <<f  (he 
Koeky  Mountains,  Wolves,  aud  various  smaller  animals  down  to  Bats,  Moles, 
Kat»,  and  Mice. 

The  remains  of  the  ffjfmMtpebea  have  been  found  in  Fraaee,  Oennaaj.  and 
Belgium,  as  well  as  England.  The  great  Cave  Bear  (Cnm  apelmt)  left  Its 
bones  in  the  8untc  countries ;  and  the  cavern  at  Qayloureuth  is  said  to  liave 
afforded  fragments  uf  at  least  800  individuate. 

The  Elephant  of  the  region  was  the  Efephas  prhnigemu,  or  Mam* 
moth.  It  lived  in  liei  fls  ovor  England,  and  extended  its  wanderings 
across  tin:'  Siberi;in  jtlains  to  tlie  Arotio  Ocean  and  Boh  rings  Straits, 
and  Ix'vond  into  N<^rili  America;  hut  it  soenis  not  to  have  gone  far 
south  of  the  parallel  of  4U°.  It  is  stated  hy  Woodward  that  over  2000 
grinders  were  dredged  u\)  by  the  fishermen  of  the  little  Tillage  of 
Happbburgh  in  the  space  of  thirteen  years;  and  other  localities  in 
and  aboat  England  are  also  noted. 

This  ancient  Elephant  was  over  twice  the  weight  of  the  largest 
modem  species,  and  nearly  a  third  taller.  One  of  the  tusks  found 
measures  1*2.^  foct  in  h-ngth  :  it  was  curved  nearly  into  a  circle, 
though  a  little  oblii|uely.  Moreover,  the  body  was  covered  with  a 
reddish  wool  and  hmg  black  hair.  The  reiuains  are  exceedingly 
abundant  at  £t»chscholtz  Buy,  near  Belirings  Straits,  where  Uie  ivory 
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tuilri  w  gathered  far  exportation.  At  the  mouth  of  the  Lena  one 
<^ these  animals  was  found, at  the  beginning  of  this  century,  frozen 
and  encased  in  ice.  It  measure*!  IG  feet  4  inches  in  length  to  the 
extremity  of  the  tail,  and  9  feet  4  inches  in  height.  It  retained  the 
wool  on  its  liide,  and  was  so  perfectly  preserved  thai  the  flesh  was 
eaten  by  the  dogs. 

The  Elephant  has  in  all  twenty-four  teeth  (grinders j,  but  usually 
only  eight  at  a  time,  two  m  each  side  of  each  jaw.  The  new  teeth 
come  up  behind  and  push  the  others  forward  and  out;  and  thus 
there  Is  a  succession  until  the  last  has  grown. 

The  Rhinoceros  of  Fost-tertiary  Europe  is  the  It.  tiehorinm.  It 
spread  from  England  to  Siberia.  A  frozen  specimen  in  Siberia  was 
found  near  Wilui  in  1772.  It  had  a  length  of  11^  feet,  and  appears 
to  have  been  a  hairy  species. 

The  Irish  Elk  (Mi/j'trrros  ffibernkus)  is  anotlier  of  the  gigantic 
animals  of  the  Pust-teriiary.  Specimens  have  be«'n  Iniuul  in  marl 
beneath  the  peut  of  swamps  in  Ireland  and  England,  and  fragments 
In  the  hone^Tems.  The  height  to  the  summit  of  the  antlers  was 
10  to  11  feet»  and  the  span  of  the  antlers  was  8  feet,  or  twice  that  of 
the  American  Moose. 

Arnirrlra. — America  in  tlie  Post-tertiary  period  was  inferior  to 
Europe  in  the  number  of  its  Carnivores,  but  presents  the  gigantic 
feature  of  the  life  of  the  time  in  its  species. 

In  Xorth  America  the  remains  have  been  founrl  in  tlie  ancient  and 
surface  alluvium,  but  not  yet  in  the  unstratihed  drilt.  The  species 

VIg.  887.  Fig.  838. 


included  an  FAephant  [E.  Amcriranux,  fig.  S^lTi  a.s  largo  as  tho  Euro- 
pean; a  Mastodon  (M.  giganUus,  fig.  8oU)  of  still  greater  magni- 
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tude ;  Horses  much  larger  than  the  moderns  ;  species  of  Or,  Binm, 
Tapir,  gigantic  Beavers,  species  of  DicotyUi  (related  to  the  Hog); 
also  animals  of  the  Sloth  tribe,  of  the  genera  Megatherium,  Mylodon^ 
and  Megalonyx,  of  great  size  compared  with  those  now  living. 
Among  Carnivores  there  were  a  Bear,  a  Lion,  and  a  Raccoon;  and 
these  were  probably  not  cavern  species,  as  no  bone-caverns  of  these 
animals  have  been  found,  although  caverns  are  common  in  the 
country. 

The  American  Elephant  ranged  from  Georgia,  Texas,  and  Mexico 


Fig.  839. 


Skeleton  of  Maatodon  Rlganteas  (M.  Ohtotictu). 


on  the  south  to  Canada  on  the  north,  and  to  Oregon  and  California 
on  the  west.  A  tooth  was  found  in  ancient  alluvium  near  the  Colo- 
rado in  114J°  W.  and  35^°  N.  (Newberry).  Parts  of  one  skeleton 
were  dug  up  in  Vermont  at  Mount  Holly,  1415  feet  above  tide-level. 
The  species  appears  to  have  been  most  abundant  to  the  south,  in 
the  Mississippi  valley,  it  preferring  a  warmer  climate  than  that  of 
the  E.  primigenitcs.  Fig.  837  represents  one  of  the  teeth  found  in 
the  State  of  Ohio. 
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The  F^lopliant  of  northern  North  America  in  the  British  possetf* 
fions  is  2iuppo8ed  to  have  been  the  Siberian  species. 

Mutadon  remains  are  met  with  meet  Blmndantly  over  the  northern 
half  of  the  United  States,  though  occurring  alto  in  the  Garolinas, 
IGssiflsippi,  ArkanaaB,  and  Texas.  Th^  are  found  also  in  Canada 
and  Nova  Scotia.  Fife  perfect  skeletons  have  been  dug  up,  three 
from  the  frosh-water  marshes  of  Orange  co.,  N.V., — where  they  ap- 
pear to  have  been  mired, — one  from  a  morass  in  New  Jersey,  and 
another  on  the  banks  of  the  Missouri.  Tlreat  number.s  of  bones 
have  been  found  ut  Big  Bono  Lick  in  Kcntuiky.  In  New  England 
a  few  bone^i  have  been  found  near  New  Britain  and  Cheshire  in 
Connecticut.  The  finest  skeleton  in  any  collection  is  that  set  up 
hy  Dr.  Warren  at  Boston  (fig.  839),  taken  from  a  marsh  near  New- 
buigh.  Its  height  is  11  feet ;  the  length  to  the  hase  of  the  tail,  17 
feet;  the  tusks  12  feet  long,— 2^  feet  heing  inserted  in  the  sockets. 
When  alive,  the  li»'ight  must  have  been  12  or  13  feet,  and  the 
length,  ad<ling  7  f*  ft  for  tlie  tusks,  24  or  25  feet.  Remains  of  the 
undigested  food  were  found  betwren  his  rib<,  showing  that  bo  lived 
in  part  on  spruce  and  fir  ticfs.  One  of  the  teeth  of  an  American 
Mastodon  is  shown  in  fig. 

Cattoroidet  Ohiotmit  ia  the  name  of  the  great  Rodent  related, to  the  Leaver 
((Ancsr  CaMuleiwi*).  Th«  Btavsr  ii  aa  raimsl  about  three  feet  long,  exelueive 
ef  the  taD;  and  the  Oa»toroide»  was  alaoet  or  quite  five  feeL   Its  hones  have 

been  found  in  the  States  of  New  York,  Ohio,  Mississippi  (near  Natchc«),  etc. 

/?iV>n  Intf/mna  Lcidy,  is  the  name  of  a  Post-tortiary  Bison  or  Buffalo,  much 
larger  than  the  existing  Buffalo,  which  lived  in  the  MissisHippi  valley.  There 
were  slso  speeies  of  Ox  related  to  the  ll«sk-Ox»  osUod  Bootkerimm  hj  Leidy. 

A  stag,  Ckrnu  Awitrieammt  Leidj,  whoee  bones  oeear  at  Natches,  exceeded  in 
•ixo  the  Irish  Elli.  A  Horse  from  the  same  locality  wriK  also  gigantio,'— a  lit 
totemporury.  ns  Loi'ly  obsorvc?.  of  the  Mastodon  ami  Klophnnt. 

The  American  Post-tortiury  Lion,  Felia  atrox  Lcidy,  was  about  as  large  as 
that  of  Biilain.  Only  a  single  jaw-bone  has  been  fonnd  at  the  Natehet  bone- 
loealitj,  whero  ooenr  romaina  of  speoies  of  Bear,  Horse,  Elephant,  Mastodon, 
Oastoroidos,  Megalonyx,  and  Mylodon. 

The  animals  of  the  Sloth  tribe  are  Sonth  American  in  type.  They 
are  at  the  pre.sent  time  mostly  confined  to  South  America,  as  they 

were  also  in  the  Post-tertiary, 

Tlie  Cetacean  or  WJuiU,  whose  remains  were  found  on  the  bor- 
ders of  Lake  Champlain,  is  sui.iiosed  to  have  Imm-h  about  fourteen 
feet  in  length.  Fig.  840  represents  the  bones  of  the  head,  reduced 
to  one-sixth  the  natural  size.  The  species,  Beluga  FsniMnilaiwThomp- 
son,  cUwely  resembles  the  B,  Leuea*,  or  small  northern  White 
Whale. 

In  SinUh  America  over  one  hundred  species  of  extinct  Post-tertiary 
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quadrupeds  have  boen  made  out.  The  bones  occur  in  great  num- 
bers over  the  prairies  or  pampas  of  La  Plata,  and  in  the  caverns  of 
Brazil;  and  they  include  some  thirty  species  of  Rodents  {SquirreU, 
Beavers,  ete.),  species  of  Horse,  Tapir,  Lama,  Stag,  a  Mastodon  different 


Fig.  840. 


Beluga  Vertnontana  (X  ^Q- 


from  the  North  American,  Wolves  and  half  a  dozen  panther-like 
beasts  which  occupied  the  caverns  of  Brazil,  Ant'€aiers,  twelve  or 


Fig.  841. 


Megatherinm  Cnrifri  (X  i^)< 

fourteen  species  related  in  tribe  to  the  Megatherium  (Sloth  tribe), 
and  a  dozen  or  more  related  to  the  Armadillo.    They  number  more 
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species  than  now  exist  in  that  part  of  the  continent,  and  far  larger 
species. 

The  Edentates — including  the  Sloth,  Armadillo,  and  allied  species 
— were  the  most  remarkable.  The  animals  of  this  order  are  stupid 
in  aspect  and  lazy  in  movement  and  attitude. 

The  Megatherium  (fig.  841)  exceeded  in  sire  the  largest  Rhinoceros. 
The  length  of  a  skeleton  in  the  British  Museum  is  18  feet.  Its 
massy  limbs  were  more  like  columns  for  support  than  organs  of 
motion.  The  femur  was  three  times  as  thick  as  an  elephant's  ;  the 
massive  tibia  and  fibula  were  soldered  together ;  the  huge  tail  was 
like  another  hind  leg,  making  a  tripod  to  support  the  heavy  carcass 
when  it  raised  and  wielded  its  great  arms ;  and  the  hands  termi- 
nating the  arms  were  about  a  yard  long,  and  ended  in  long  claws. 
The  teeth  had  a  grinding  surface  of  triangular  ridges,  well  fitted 
for  powerful  mastication. 

A  species  of  Megatherium  has  boon  found  in  Georgia  at  Skiddaway 
Island,  different  from  that  of  the  Pampas. 

Megalonyx  is  another  genus  of  these  large  Sloth-like  animals. 
Remains  of  species  occur  over  the  Pampas  to  the  Straits  of  Ma- 


Fig.  842. 


Claw  of  Mcgnlonyx  JeffenoDll. 


gellan;  but  the  first  species  known  was  found  in  Virginia,  in  Green- 
Brier  CO.,  and  named  by  Jefferson  in  allusion  to  its  large  claws 
(fig.  842).  Its  bones  have  also  been  found  at  Big  lione  Lick  and 
elsewhere. 

Jfylodon  is  a  third  genus,  and  three  species  have  been  described,— two  from 
South  and  one  from  North  America.  The  skeleton  of  one,  J/.  robu»tvit,  is  II  feet 
in  length;  and  the  animal  was  therefore  much  larger  than  the  weatem  Buffalo. 
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The  North  Ammriean,  M.  Harlani,  hu  bcon  found  in  Keniuckj,  in  Benton  co., 
Moby  and  in  Oragon. 

A  fimrth  allied  genas  is  Scelidoihtrhm,  of  which  seven  species  bar*  ban 
aada  oaV— one  aa  large  as  the  HegaloDjz,  and  others  bat  littla  saasUar. 

Of  the  Armadillo  (or  Dasypoa)  group  the  genns  CHyptadM  (fig.  843) 

contained  several  gigantic  species.  These  animals  had  a  shell 
something  like  a  turtle.    In  the  G.  clavxpes  the  length  of  the  shell, 

measuring  alon/r  the  curve,  was  five  feet,  and  the  total  length  of  the 
animal  to  the  extremity  of  the  tail,  nine  feet.  The  penus  Chlami/Jo- 
thorium  included  other  mail-clad  species,  one  of  which  was  aa  large 


Pig.  849. 


Olyptodon  ds!fipcs(X  jb)> 

as  a  Rhinooeioe ;  and  the  genus  Pae^ftherium,  others,  of  the  siae  of 

an  Ox, 

Such  were  the  characteristic  animals  of  Post-tertiary  South  Ame- 
rica. The  largest  Edentates  of  the  existing  jicriod  are  but  thr»'e 
or  four  feet  in  length.  The  Post-tertiary  Mtt/alhenum  probably 
exceeded  more  than  one-hundred  fold  the  bulk  of  any  living 
Edentate. 

ilu«er«/2(i.— In  Australia  the  liTing  spedes  are  almost  ezdusiTely 
Marsupials.  They  were  Marsupials  also  in  the  Post-tertiary  period, 

but  of  different  species ;  and.  as  on  the  other  continents*  the  mo* 
dems  are  dwarfs  by  the  side  of  the  ancient  tribe?. 

The  Post-tertiary  Dlpmlodon  was  as  large  as  a  Hipyioy  otamus,  and 
somewhat  similar  in  habits.    The  skull  alone  is  thn-e  IVr-t  long. 

Viewing  the  globe  as  a  whole,  in  this  Post-tertiary  period,  we  ob- 
serve,— 

1.  The  gigfuitio  sise  as  well  as  large  numbers  of  the  species, — the 
Elephants,  Lions,  Bears,  and  Hyenas  of  the  Orient  far  larger  than 
any  modem  spedes ;  so  also  the  Horse,  Elephant,  Mastodon,  Bea* 
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rers,  and  Lion  of  North  America ;  the  Megatheria  and  other  Eden^ 
tatca  of  Soath  America;  the  IHprotodon  and  other  Kanupials  in 
Australia. 

2,  The  cbafa^teristio  tpeclet  of  eaefa  continent  mainly  cC 
the  same  type  that  now  characterizes  it.    Both  in  the  Fo»t-tertiary 

period  and  modern  time  the  Orient  is  strikingly  the  contin^t  of 
Carnivores;  North  America,  of  Herbivores;  South  America,  of 
Edentates;  Australia,  of  Marsupials. 

With  the  close  of  the  Post-tortiary  far  the  larger  part  of  these 
species  became  extinct.  The  destruction  did  not  extend,  as  hiui 
been  before  stated,  to  the  MoUusks  and  other  Invertebrates, — for 
the  same  species  are  all  or  nearly  all  now  living. 


GENERAL  OBSERVATIONS  ON  THE  POST-TERTIART. 

Climate. — The  hairy  covorin^x  of  the  Elopliant  and  Khinocoros 
of  Siberia  hIiowh  that  the  cliiiiato  of  the  Tost-tt  rtiary  in  those 
r«\u'i<»ns  was  not  tropical.  Still  the  several  sj>e(Mt  s  of  British  and 
European  Mammab,  of  Rhinoceros,  Hippopotamus,  Elephant,  Lion, 
Hger,  Hyena,  etc.,  are  so  closely  those  of  warm  climates  that  it  is  a 
safe  conclusion— the  only  safe  one — that  Britain  and  a  large  part  of 
Europe  were  witlun  the  warm-temperate  sone.  It  is  evident  also  that 
DOTthem  Siberia  was  at  least  not  colder  than  Lapland,  whose  annual 
mean  temperature  along  its  northern  limit,  according  to  Dove's 
charts,  is  now  27J°  F.,  January  mean  5°  F.,  and  July  mean  50°  F., 
while  tho  corresponding  quantities  for  northern  Siberia,  near  the 
mouths  of  tlio  Lena,  arc  at  the  present  time  5°  F.,  — 40°  F.,  and  iiO°  F. 
The  great  <juantities  of  Elephant  remains  at  numerous  points  near 
the  Arctic  0 -ean  show  that  tho  region  wa.s  the  living-place  of  the 
animals,  and  not  one  frequented  by  occasional  herds  in  the  very 
short  Siberian  summer.  This  is  ftirther  proved  by  the  existence,  at 
maDy  places  in  the  Arctic,  of  the  remains  of  forest-trees,  buried  in 
deposits  of  the  Age  of  the  old  Elephant.  The  required  climate 
would  have  resulted  from  the  Champlain  subsidence  (p.  554). 

The  last  or  Terrace  epoch — in  which  the  continents  were  raised 
nearly  to  their  present  level — again  cooled  down  the  earth,  and 
ended  in  introducing  approximately  the  existing  elimatrs  of  the 
glol»<- :  and  the  extermination  of  the  Cave  beast-  of  Europe  and 
other  Post-tertiary  .species  may  have  been  coincident  with  this 
great  climatal  change. 

Remarks  on  tho  Geography  of  tho  period  are  included  under  the 
General  Observations  on  the  Cenosoio. 


I 
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GENERAL  OBSERVATIONS  ON  THE  CENOZOIC. 

1.  TUnM-ntlofl. — Using  the  same  kind  of  data  as  on  pp.  386  and 
493  for  detemaining  the  relative  lengths  of  the  ages  and  periods,  we 
have  for  the  Tertiary  period  the  maximum  thickness  of  the  Eocene 
beds  of  Europe  about  3000  feet,  part  of  which  is  limestone,  and  for 

the  Miocene  and  Pliocene  7000  to  8000  (in  tlie  Moleuu  of  Switier^ 
land).  It  is  therefore  probable  that  the  Tertiary  period  was  aboni 
half  as  long  as  tlie  wliolo  Mesozoic  fp.  493). 

The  (latu  for  the  Post-tcrtinry  arc  too  uncertain  for  a  satisHictory 
estimate.  The  hijise  of  time  (hiring  I  he  p»>ri<)(l  is  more  marked  in 
the  extent  of  the  valleys  matle  than  in  tlie  thickness  of  the  rock 
deposits.  The  latter  are  small,  because  apparently  the  earth's  sur- 
face was  undergoing  much  smaller  oscillations  In  this  last  end  of 
its  history  than  in  earlier  times.  From  the  extent  of  valleys  over 
the  world,  both  fiords  and  land  gorges,  whose  excavation  was  accom- 
plished  ill  the  Post-tertiary,  it  is  safe  to  infer  that  this  period  was 
at  least  half  as  long  as  tlie  Tertiary. 

Adopting  these  conclusions,  the  ratios  for  the  Palneozoic,  Meso- 
zoic, and  tlie  two  jicriods  of  the  Cenozoio  will  be  14:4:2:  1.  If 
D'Orbigny's  statmicnts  of  the  thickness  of  the  Euroj)ean  Cretaceous 
(p.  are  right,  ihese  ratios  for  the  Paleeozoic,  Mesozoic,  and  Ceuo- 
soie  are  nearly  4:2:1. 

2.  Gtoograipliy^The  geographical  progress  of  the  Tertiary  and 
Post-tertiary  periods  took  place  in  different  directions. 

A.  7\rtiary  period, — In  the  Tertiary,  there  was  (1)  the  finishing  of 
the  rocky  substratum  of  the  continents;  (2)  the  expansion  of  the 
continental  areas  to  tlieir  full  limits,  or  their  permanent  recovery 
from  the  waters  of  the  ocean  ;  {."?)  the  elevation  of  many  of  the 
great  mountains  of  the  globe,  or  considerable  ]>ortions  of  them, 
through  a  large  part  of  their  height,  as  the  Alps,  Pyrenees,  Apen- 
nines, Himalayas,  Andes,  Rocky  Mountains,  the  loftiest  chains 
of  the  globe,— a  result  not  finally  completed  until  the  latter  part  of 
the  Tertiary. 

In  North  America  there  occurred  a  small  extension  of  the  con- 
tinent on  the  Atlantic  and  Gulf  borders;  a  vast  increase  west  of 

the  Mississippi ;  a  small  rising  of  the  land  on  the  east  and  south, 
an  elevation  of  0000  to  7()(>0  feet  in  the  Hocky  Mountains  (nearly 
the  whole  height  of  the  mass)  and  2000  feet  or  more  on  the  Pacific 
border. 

The  system  of  progress  during  the  Tertiary  was  in  each  respect 
a  continuation  of  that  which  began  with  the  Aioic.  In  North 
America  it  was  enlargement  and  elevation  especially  to  the  south- 
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c^ast,  south,  and  southwest,  from  the  original  dry  land  of  the  Azoic 

(p.  i:i6). 

The  mass  of  the  eurth  above  the  ocean's  level  was  increased  two 
or  three  fold  between  the  beginning  and  end  of  the  Tertiary 
period. 

.  B.  Pott4artiary  period, — ^In  the  Post-tertUry,  the  great  events,  in 
America  at  least,  were  (1)  the  ezoavatton  of  Talleys  over  the  lifted 

mountains  and  plains,  and  the  shaping  of  the  lofky  summits ;  (2)  the 
distribation  of  earth  and  gravel,  covering  and  levelling  the  rugged 
sorfkce  of  the  earth,  laying  the  foundation  of  prairies,  and  filling 
the  broad  valleys  with  alluvium  ;  (3)  tho  finiMhing  of  the  valleys 
and  lakc-])<)rders  with  a  series  of  plains  or  terraces,  and  the  exten- 
sion of  flats  along  the  sen, — a  work  completed  in  the  age  of  Man. 

The  excavation  of  vallcjrB  by  running  water  began  with  the  Grst  appearance 
of  dfj  laod,  sad  inensied  with  its  eztmL  Bat  the  greatest  aagmenUtion 
took  plsM  slier  tho  lofty  BKoantsfais  had  risoa  hi  tho  ooorso  of  tlio  TorUsry 
period.  The  great  gor;.'cs  and  canons  over  a  large  purt  of  the  Rocky  Moun- 
tshu  below  a  level  of  6000  ur  7000  fret,  and  most  of  the  deep  flhwnntlff  ooospiod 
by  rivers  in  other  regiont:,  then  bad  their  beginning. 

The  canon  of  tho  Colorado,  between  11 1°  and  115^  W.,  is  one  of  these  gorges ; 
sad  thoBf  h  possibly  ssrlisr  In  its  oomsiioDosflBMit  thsa  tho  Tortisry  period,  it 
coold  have  made  littlo  progress  before  tho  elevation  of  the  mountain^^  after  tilO 
Trota'^coiis ;  fur  tho  present  lioi^rht  of  the  plateau  is  but  COOO  to  7000  feet. 
According  to  Newberry,  the  caiiun  is  300  miles  long,  and  has  walls  of  rock  3000 
to  6000  feet  high.  Those  walls  sro  sections  of  nearly  horizontal  strata,  ranging, 
tn  ths  priaelpsl  port  of  tlisir  sztsoty  IVon  tho  grsaite  to  ths  top  of  tlio  Csrboni« 
ftroBS,  and  higher  up  the  stream  to  the  top  of  the  Cretssooss;  and  the  wholo 
lioir^!  undoubted  evidence,  according  to  Newberry,  that  it  was  made  hy  running 
water.  The  granite  has  been  excavated  in  eomo  places  to  a  depth  of  nearly 
1000  feet;  above  this  there  are  2000  to  2600  feet  of  Palaeozoic  sandstonei),  shales, 
sad  UflsestoBes,  1000  foot  of  probably  Saboarboniforoas  limsstono,  snd  ISOO  fesk 
of  Carboniferous  ssndstonos  and  UsBestonc.  A  riew  of  oos  part  of  the  gorge 
is  given  in  fig.  910,  furnished  the  author  by  Newberry  ;  and  another  of  the  side 
cnnnns,  in  fig.  941,  from  tho  Report  of  Lieut.  Ives,  the  commander  of  the  Colo- 
rado F>.xploring  Expedition,  of  which  Dr.  Newberry  wn.s  gcolf)gist. 

There  were  great  oscillations  of  level  in  the  Post-tertiary  as  well 
a.«?  Tertiary  ;  but  (1)  the  Post-tertiary  were  rmtiiily  li''<jh-fati(ude  oscil- 
ladonx,  being  most  prominent  over  the  colder  latitudcvsof  the  globe, 
the  cold-tempenite  and  Arctic ;  (2)  they  were  movements  of  the 
broad  areas  of  ttie  continents;  (3)  they  brought  no  monntain-ranges 
into  existence. 

According  to  the  view  presented  in  the  preceding  pages*  there 
was  an  upward  oscillation  in  the  Glacial  epoch,  a  downward  in  the 
Oiamplain  epoch,  and  an  upward  of  moderate  extent  in  the  Terrace 
epoch.  It  submerged  the  r^on  about  Montreal  and  the  Ottawa, 
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ao  that  marine  shell  depodto  were  there  formed,— an  event  whkb 
had  not  hai>pened  sinoe  the  Lower  Ilelderberg  period  in  the  Silu- 
rian age  (p.  228). 

The  coui-sc  of  the  movements  was,  therefore,  diverse  from  that 
of  earlier  time,  and  their  results  were  also  widely  different. 

A  cttHM  9/  lhi»  trama/ir  o/tit  ar*a  «/  otetOntium  to  tkt  high  latitmdm  waj  to 
this :  that  tiM  aoonmulation  or  the  successive  foraiitions  over  the  temperat*  tad 

tropical  zones,  and  the  clcvntion  of  (he  l  ofty  mountains  of  the  globe  across  the 
Humo  rcj^ionf,  together  with  iho  mct:iinoriihi.'iin  of  j>art  of  the  rocks,  had  $0 
weighted,  ribbed,  and  still'eucd  the  crust  in  these  parts  that  it  was  less  yieldiag 
to  SBj  oceflUting  fore*  thsn  thst  of  tb*  ngioni  more  to  tho  north,  vhieh  till 
now  had  been  tho  eomparativoly  stable  area.  The  aeriee  of  rocks  has  Iom  tkkk- 
nc^s  and  comp1rtcnc-<s  in  the  higher  latitudes  than  hi  tho  middle  and  low«r,asd 
the  mountains  less  height. 

During  the  Post-tertiary  sohm  of  the  most  prominent  dynami- 
eat  agendu  on  iht  globe  ioer§  uUemified  wuUj/  b^ond  ihea'  /onm 

power : — 

(1.)  Owing  to  th©  completion  of  the  great  mountain-<"hain<  and 
the  expansion  of  the  continents,  the  )>oii:hts  for  < umlcnsing  moisl- 
uro  anil  the  extent  of  slope  for  its  acc  uniuhition  into  rivers  had 
augmented  many  fold.  Moreover,  through  the  union  of  lands  be- 
fore separated  by  seas  into  one  continental  area,  the  rivers  draining 
immense  regions  were  for  the  first  time  united  into  a  oommoo 
trunk.  The  Post-tertiary  was  therefore  eminently  the  era  iff  Ike  fink 
fftaad  diaplay  eempUied  river'^jf9lemt,^-of  the  first  Amaion,  Missis* 
sipi>i,  Ganges,  Indus,  Nile,  etc. 

(2.)  The  eleTation  of  the  mountains  to  snowy  altitudes  introdooed 
rivers  of  ice,  or  glac'wrs,  among  dynamical  agencies,  or  gave  them 
vastly  increased  extension. 

(3.)  The  increase  of  cold,  and  tho  existence  finally  of  true  frigid 
zones,  due  partly,  at  least,  to  an  increase  of  polar  lands  after  the 
close  of  tlie  Cretaceous  period  and  through  the  Tertiary,  added  to 
the  extent  of  glaciers,  rendering  them  poniUe  in  regions  where 
otherwise  they  oould  not  have  existed. 

(4.)  The  cause  last  mentioned  also  gave  origin  to  tccAcryn. 

Great  rivers,  glaciers,  and  icebergs  were  especially  characteristic 
forces  of  the  Post-tertiary ;  and  the  ice  accomplished  %vhat  was  ua- 
possible  for  the  ocean.  In  no  other  period  of  geological  hi.^toiy 
have  so  large  masses  of  stone  heen  moved  over  the  earth's  sorfMS 
as  in  the  Glacial  and  later  epochs. 

These  Post-tertiary  apeneirs  were  active  everywhere  over  tht» 
continents,  i)Utting  tlie  tini^hing-strokes  to  the  nearly  completed 
globe.    There  was  a  development  of  beauty  as  well  us  utility  in  sll 
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these  later  movemento.  ThoM  oonditions  and  special  surfooe-de> 
tails  were  developed  that  were  most  essential  to  the  pastoral,  agri- 
cultural, and  intellectual  pursuits  which  were  to  commence  with 

tlie  next  age. 

3.  Life. —  Grand  charackristic  of  ihf  Ci'nozoic. — Tlio  prominent  fact 
in  tJic  life  of  Ct-nozoio  timo  is  tlif  oxpaii-^ion  and  cuiniination  of  the 
type  of  Maniaiuls.  This  culmination  took  place  in  the  Pust-ter- 
tiftry  period,  whose  Carnivores,  Herbivores,  Edentates,  and  Marsu- 
pials far  exceeded  iA  number  and  sise  those  of  the  present  age.  It 
was  the  great  feature  not  of  one  continent  alone,  but  of  all  the  con- 
tinents, and  on  each  under  its  own  peculiar  type  of  Mammalian 
life.  The  age  of  Mammals  thus  stands  out  prominently  among 
the  ages,  strongly  marked  in  its  grand  distinguishing  charao- 
teri!«tir. 

The  CVno/«)ic  was  al-o  tlio  tim»»  of  culmination  of  the  modern 
tribe  of  Sharks  or  Squulodonts,  and  of  the  Crocodiles  and  Turtles 
among  Reptiles. 

Hanr/c  qf  VertdtroU  types. — ^The  following  table  presents  to  the  eye 
the  range  of  the  more  common  Vertebrate  types  through  tlie  Me* 
sosoic  and  Cenosoic,  showing  those  which  began  in  the  Palseozoio, 

those  wliich  have  their  commencement,  culmination,  and  end 
within  these  eras,  and  those  which  continue  into  the  nge  of 
Man.  The  widths  of  the  columns  for  the  several  periods  cor- 
respond to  the  time-ratios  us  deduced  on  pp.  403.  508.  But 
they  are  relatively  lartier  than  in  the  table  for  the  Palaeozoic  on 
p.  40<)  (22ds  larger), — the  column  for  the  Mesozoic  being  two-thirds 
as  wide  as  that  for  the  Palieozoic,  when  the  time-ratios  deduced 
would  require  it  to  be  one^wrih.  This  enlargement  was  given 
the  columns  to  render  the  details  more  distinct.  The  symbol  )  ( 
signifies  havinj:  l)iconcave  Vertebra.  Under  Tertiary,  the  letters 
E.,  U.,  P.,  stand  for  Eocene,  Miocene,  Pliocene;  and  P.  T.  for  Post- 
tertiary. 

WJiilo  the  genera  /?o.»,  Bison,  and  others  of  the  Ox  jiirouj*  proba- 
bly commenced  in  tiic  PHocene.  the  Antelope  gr©up  tirst  aj>peared 
in  the  early  Miocene.  Among  Carnivores,  the  Bear  family  com- 
menced in  the  earliest  Eocene;  the  Dog  family  in  the  middle 
Eocene,  or  Parisian  group;  the  Cat  family  {Felis,  etc)  In  the 
later  Eocene,  though  possibly  in  the  middle. 

In  the  table  the  interrogation-mark  opposite  Herbivores,  In  the 
column  of  the  Jurassic  period,  is  inserted  on  the  authority  of  Owen, 
who  questions  whether  tlie  Stcrrn;fnafhus  of  the  Purbeok  beds  (p. 
4C2)  may  not  be  a  "  diminutive  Ungulate." 

» 
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Fiahes.— Tclio«t«  

Qaaoldi,  Iloterocorcal , 

HomocercAl. 
SeUchiani . 

C«strBciootfl 
Ilyboduntfl. 

Squalodontfl  (Modern  Sharks)^... 
Beptiles. 

LabyrintbodonU . 
)(  ThccodonU.. 
Ennl^NuiurB . 
Pterosaun . 

Diuoaaara-  

CrocodiUaiu  

GonuB  Crocodiliu. 
Cbeloniaoa,  or  Turtle*. 
Birds  

Mammals,  exclusive  of  Mun . 
Manuplala , 
Ituectivorcfl . 
Rodents. 
Edentutes . 
Chiroptera  or  Bats. 
Cetaccana.. 

HerbiTorM. 

Periasodactyls. 

Artiodactyls., 

PachydcmiB  

Proboacidiana  (Elepbaot,  etc.)  

RumlnaoU,  Stag  family  

Bovine,  or  Ox  family . 

Carnivorea  

Quadnimana,  or  Monkeys. 


MESOZOIC. 

CENOZOIC. 

JCM.AS. 

Cmet. 

TERT. 

P.T. 

E. 

M.'  P. 

- 

 , 
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y.  EBA  OF  MIND.^AGS  OF  MAN. 

In  tho  proroding  cliaptors  the  progress  of  the  vegetuMo  and  ani- 
mal tribed  hits  been  followed  throU|{h  the  three  grand  divLsiun:*  of 
geological  time,— the  Palnoioic,  Mesosoic,  and  Cenozoic.  in  the 
Ifttter  part  of  the  last  era  the  animal  kingdom,  apart  from  Kan,  coIp 
Donated ;  for  the  system  then  reached  the  highest  grade  oi'  develop* 
meut  presented  by  the  merely  ammal  type,  and  lirute  passion 
had  its  fullest  display.  In  the  era  now  opening,  the  animal  ele- 
ment is  no  longer  dominant,  but  Mind  in  the  possesnoti  of  a  being 
at  the  luMfl  of  tho  kingdoms  <>f  life  :  and  tlie  ora  bonrs  the  impress 
of  its  exaltetl  characteristic  even  in  t  !i<'  -iisnllcr  si/e  of  its  lioasts  of 
prey.  At  the  same  time,  the  ennoM« d  animal  .structure  ris.  s  to  lis 
highest  perfection ;  for  the  Vertebrate  type,  which  began  during 
the  PalsBoaoio  in  the  prone  or  horiionial  fish,  finally  becomes  ereot 
in  Man,  completing,  as  Agasds  has  ohberved,  the  possible  changes 
in  the  series  to  its  last  term. 

But,  beyond  this,  in  Man  the  fore-limbs  are  not  organs  of  loco- 
motion, as  they  are  in  aU  otlier  Mammals:  they  have  pjissed  from 
the  lornmofivc  to  tho  cephalic  series,  being  made  to  subserve  the  pur- 
poses of  the  head.  Tliis  transfer  is  in  accorchmce  with  a  gi'and  law 
in  nature  (explained  in  the  note.  ^  5.  p.  r>'.);5)  wliich  is  at  tlie  basis  of 
grade  and  development.  The  intellectual  c  haracter  of  Man,  some- 
times thought  too  intangible  to  be  regarded  by  the  xoological 
sjstematist,  is  thus  expressed  in  his  nwterial  structure.  Man  is 
therefore  not  one  of  the  Jhimaiu  alongside  of  the  Monkeys:  he 
stands  alone, — ^the  Aecbon  of  Mammals  (p.  422). 

In  order  to  a  correct  apprehension  of  the  distinctions  and  emi- 
nence  of  the  era  of  Mind,  a  few  of  the  attributes  of  Man  are  here 
enumerated. 

Man  was  the  first  l)eing  that  was  not  fmislied  on  reacliing  adult 
growth,  but  was  j)rovided  with  powers  for  indefinite  expansion,  a 
will  for  a  life  of  work,  and  boundless  aspirations  to  lead  to  endless 
imptOTement.  He  was  the  first  being  capable  of  an  intelligent  sur- 
vey of  nature  and  comprehension  of  her  laws ;  the  first  capable  of 
augmenting  his  strength  by  bending  nature  to  hb  service,  rendering 
thereby  a  weak  body  stronger  than  all  possible  animal  force ;  the 
first  capable  of  deriving  happiness  from  beauty,  truth,  and  good- 
ness ;  criT  apprehending  eternal  right ;  of  looking  from  the  finite 
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towards  the  infinito,  and  communing  with  God  his  Maker.  Made 
in  the  imago  ol  (iod,  surely  he  is  immeasurably  beyond  the  brute, 
although  it  siuire  with  him  the  attribute  of  reason. 

The  tsupremacy  of  the  animal  in  nature,  which  had  continued 
until  now,  hero  yields,  therefore,  to  the  supremacy  of  the  spiritual. 
As  the  body,  through  its  development  and  adaptations,  Is  made  for 
the  service  and  education  of  the  soul  that  is  slowly  maturing  In 
connection  with  it,  so  with  the  system  of  the  world,  as  f^gsrda 
both  its  inorganic  and  organic  departments,  there  was  reference, 
throughout  its  history  no  less  than  in  its  final  adjustments,  to  man, 
the  last,  the  highest,  the  spiritual  creation.  And  the  earth  sub- 
serves hor  chief  purpose  in  nurturing  this  new  creation  for  astiU 
more  exalted  sta^e,  that  of  spiritual  ejcistence. 

L  Sooks:  kinds  and  diatillmtloii. 

The  following  are  the  formations  of  the  age  of  Man : — 

1.  Of  uecbanical  orioik. — (a.)  Marine.— The  extended  flats 
which  border  many  coasts,  as  from  Long  Island  to  Texas,  and  be- 
yond, and  which  are  now  gradually  widening  the  area  of  the  conti- 
nents; and  delta.**,  which  are  similar  in  general  character,  but  ars 
formed  about  the  mouths  of  rivers. — Sea-beaches. — Sand-drifts  or 
dunes  in  the  vicinity  of  the  ocean,  (i.)  Cuntifuntal. — Alluvium  of 
the  lower  river-fiats ;  and,  in  case  a  region  has  undergone  elevation 
during  the  age,  tliat  at  higher  levels. — ^Alluvium  along  the  shores 
of  lakes;  and,  where,  through  the  modem  opening  of  barriers  or 
other  cause,  the  waters  have  diminished  their  height,  deponts 
above  the  lower  plain.  About  lar;.M>  lalxes,  different  formations 
analogous  in  every  respect  to  the  Marine  above  mentioned,  ezeept 
in  having  no  marine  relics. — Glacier  drift  or  boulders  and  gravel, 
similar  to  that  of  the  true  Glacial  epoch,  though  of  more  local  dis- 
tribution. 

2.  Of  org.\nic  origin. — (a.)  Marine. — Coral  reefs,  often  of  vast  ex- 
tent.—Shell  deposits,  (i.)  QM6nental. — ^Peat  beds,  or  swamp  forma- 
tions of  vegetable  character,  consisting  largely  of  growing  moss  in 
temperate  and  colder  climates,  and  of  diminutive  turf-makIng 
flowering  plants  in  Alpine  and  Arctic  r^ons.  Shell  beds  or  shell 
marl. — Siliceous  infusorial  dejiosits. 

3.  Op  CHEMICAL  ORIGIN. — Culcareous  deposits  called  7Vcrrrrr//i<',  de- 
rived from  calcareous  waters,  in  some  cases  scores  of  feet  in  thick- 
ness.— Stalactites  and  Stalagmites  of  similar  form  and  origin  in 
caverns. — Bog  deposits  of  ore  called  Hog  ore. 

4.  Of  ignsous  origin. — Lavas  and  tufas  of  volcanic  regions. 
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Tho  formations  horo  cnumeratod,  whether  alone;  lakes,  rivers,  or 
sea-coasts,  are  u>ually  underlaid  by  Post-tertiury  betls  of  t^imilar 
character,  situated  at  varying  depths  below,  often  but  a  few  feet, 
sometimes  hundreds  of  feet ;  and  the  modern  and  Post-tertiary  de- 
posits ure  so  closely  alike  that  the  limits  of  the  two  cannot  be  easily 
made  out.  The  diffioulty  is  the  greater  beoame  the  sheila  of  the 
Poat-tertiary  were  all  of  species  now  living.  In  many  cases  deposits 
are  proved  to  belong  to  the  age  of  Man  hy  containing  relics  of  the 
peculiar  species  of  the  age»  as  explained  beyond. 

The  agency  of  air,  fresh  and  marine  waters,  beat  and  life,  in  giving  origin  to 
thmw  deposiu,  might  be  here  considered.  Bot  theie  topioe  are  diMassed  under 
Djaaaieal  Geology;  sad  to  that  part  of  the  work  the  leader  If  referred. 

n.  Zdfe. 

The  approximate  number  of  living  species  of  Plants  is  100,000. 
The  number  of  species  of  Animals  of  the  snb-kingdom  of  Radiates 
is  about  10,000;  of  MoUusks,  20,000;  of  Articulates,  300,000;  of 
Vertebrates,  21,000;  making  a  total  in  the  Animal  kingdom  of 

about  350,000,  Of  existing;  Vertebrates  the  number  of  species  of 
Fbhes  is  about  10,000;  of  Reptiles,  2000 ;  of  Birda,  7000;  of  Mam- 
mals, 2(X)0  =  21,000. 

The  increase  during  the  Tertiary'  period  in  the  extent  of  dry 
land  and  rivers,  the  height  and  number  of  mountains,  and  the 
diversities  of  the  zones  of  climate,  augmented  greatly  the  variety 
of  geographical  conditions  over  the  globe  to  which  life  could 
be  accommodated.  This  is  especially  true  of  the  land;  but  only 
in  a  limited  degree  for  the  ocean,  which  has  smaller  extremes  of 
temperature  than  the  land,  and  is  less  affected  by  its  changes  of 
level. 

The  terrestrial  life  of  the  glol)e  should  therefore,  on  this  principle, 
have  undergone  a  vast  increase  in  the  course  of  the  later  Tertiary 
and  the  period  of  the  Post-tertiary,  especially  in  the  classes  of  In- 
secta.  Birds,  and  ^Mammals,  ami  the  tribes  of  fresh-water  Fishes. 
Reptiles  should  have  undergone  less  increase,  for  the  species  belong 
mainly  to  the  warmer  climates,  and  this  type  had  already  culmi- 
nated and  was  on  the  decline. 

Insects  and  Birds  appear  to  have  had  their  times  of  culmination 
in  the  age  of  Man,  while  Mammals,  gigantic  and  ferocious,  especially 
in  their  larger  species,  passed  their  climax  in  the  period  next  pre- 
ceding, and  disappeared  as  the  age  of  Man  began.  Most  species  of 
plants  and  animals  have  their  parasitic  insects ;  and  an  augmenta- 
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tion  of  the  numben  of  the  former  was  oonfequently  but  pronding 
for  the  appearance  of  the  latter. 
Inverteiratet, — Ab  to  the  time  of  the  first  appearance  of  ezistmg 

Mollusks,  it  is  known  only  that  15  to  25  percent,  of  Miocene  spedei 
of  marine  shells  are  identical  with  species  now  living;  40  to  90  per 

cent,  of  Pliocene;  and  all  of  the  Post-tertiary  species.  This  does 
not  necessarily  imply  that  f\\\  the  species  of  Mollusks  alive  now 
were  alive  tiiroughout  tlie  Post-tertiary  ;  for  out  of  the  lOj^"' 
living  species  only  a  few  liinidrcds  have  yet  been  found  iti  the  l»«.'ds 
of  that  period.    Future  discovery  will  undoubtedly  add  much  to 

the  number. 

Among  Artioolatee,  less  than  100  living  species  from  Post-tertisfy 
deposits  are  known  out  of  the  300,000  now  in  ezistenoe.  The  tvo 
tribes  latest  in  ^pearanoe  among  fossil  Insects,  and  rarest  even  to 

the  last,  are  that  of  the  Lepidopters,  the  tribe  of  beauty,  and  that 
of  the  Hymenoptcrs,  the  tribe  of  utility,  highest  instincts,  and 
superior  rank.  The  species  of  these  tribes  are  less  likely  to  become 
fossilized  than  those  that  frequent  wet  places,  where  depositions  <tf 
silt  might  1)0  in  progress. 

Vertebrates. — Very  few  Fishes,  Reptiles,  or  Birds  of  th.-  jire^ent 
era  are  yet  known,  from  any  discovery  of  fossils,  to  have  exisied  in 
the  Post-tertiary.  The  species  have  thus  &r  been  but  little  searched 
for. 

Among  Mammals,  remains  of  nearly  all  the  species  of  modern 
Europe  have  been  found  in  beds  containing  some  of  the  extinct 
Post-tertiary.  The  number  includes  the  Hare,  Rabbit,  Bearer, 
common  Rat  and  Mouse,  the  Marten,  Wild-Cat,  Dog,  Fox,  SUg. 
Roebuck,  Reindeer,  Aurochs,  Hog,  Horse,  and  the  Glutton  sad 
Polar  Bear  of  northern  latitudes.  besi<le-:  many  others;  and  pro- 
bably all  existing  species  were  then  distributed  much  as  they  are 
now  over  Eui  o])e.  Moreover,  in  Sicily  and  Malta  remains  of  some 
African  Mammals  have  been  found. 

Some  of  the  species  may  date  from  the  early  Post-tertiary;  but 
the  minority  apparently  from  the  Terrace  or  transition  epo^ 
Their  remains  are  found  in  caverns  and  alluvial  beds,  aiioeiatsd 
with  bones  of  the  Elephant  {E,  prmiffemu*),  Rhinoceros  {R.  §d»- 
nnift),  and  Irish  Elk  {Megaoetrot  JSRftemieiis),  and  occasionally  with 
those  of  the  Hyena  and  Cbve  Bear.  In  some  cases  they  have  pro- 
bably been  mixed  by  more  modern  alluvial  action  ;  but  in  others 
they  lie  as  they  were  originally  buried.  The  alluvial  beds  in  Eng- 
land, France,  and  Switzerland  are  more  recent  than  tlic  old  Glacial 
drift,  the  latter  being  observed  in  several  places  as  an  inferior  de- 
posit. 
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It  follows,  therefore,  not  only  that  some  of  the  \argo  Mammals 
continaed  on  beyond  the  time  of  their  meridian  nearly  or  quito 
through  the  Terrace  epoch,  but  alao  that  the  modem  tribes  came 
into  existence  before  their  extinction.  The  progressing  Terrace 
epoch  was  bringing  about  the  cooler  climate  required  for  the  mo- 
dem species;  and  this  change  of  climate  was  also  causing  the  dis- 
appearance of  the  tribes  of  the  older  era. 

The  time  of  greatest  expansion  of  the  Post-tertiary  raoM  was  probablj  in  tlw 
Ch.'i  m  j>l;t!!i  epoch,  when  tlu-v  w<>(il«|  havo  fouinl  the  warm  climate  over  the  conti- 
nents, which  they  requiretl  (p.  ofiT).  Now,  tiic  jn>.ilcrn  species  corre.^ponil  to  a 
climate  like  tbe  prewnt,  which  i»  a  colder  one.  The  Ulutton,  of  Laplnn*!,  the 
Reindeer,  ead  tlie  Polar  Betr  were  among  the  esriieat  of  tlieee  modem  species, 
•bowing  that  when  they  began  tiito  eooler  climate  exilled*  Since  tiw  liinasa 
of  the  ro!<t-tertiary  nn<I  n:rc  of  Man  arc  thus  disitinetla  the  sUnate  whieh  th^ 
require*],  they  imisf  li.tvi-  1  rlnn^c  l  essentially  to  (liflercnt  epoch!".— the  modern, 
of  course,  to  the  lat<.T.  Ihc  Terrace  rp«>ch  was  the  ono  in  which  the  change  to 
the  colder  modem  elimate  waa  in  progress,  and  therefore  that  whieh  wonld  hare 
Ikrored  the  appearanee  of  the  modem  types  and  brooght  about  the  disappear* 
ancc  of  the  more  ancient. 

The  cooler  climate  mi;;ht  liavc  been  begun  over  Europe  and  Asia  in  the  early 
part  of  the  Terrace  epoch,  hy  an  increaso  of  Arctic  lands,  before  the  torraoe 
ele«»tioas  of  eentral  Europe  had  made  mnoh  progresa. 

The  saeeession  of  recent  formations  in  Earope  and  Swilseiiaad,  flrom  the 
early-  Post-tertiary  onward,  is  thns  given  by  ProfoMor  Quyot  from  his  own 
and  other  oh-ervntion- 

1.  The  northern  European  and  American  (ilacial  drift,  the  Glacial  epoch. 

2.  The  cpoeb  of  subsideno^  or  Champlain  epoch,  when  the  large  Post-tertiary 
fhima  was  folly  developed. 

S.  The  "ancient  diluvium"  of  Switzerland.  In  some  places  it  is  hundreds  of 
feet  thick,  and  generally  strntificd  ;  i>art  of  it  is  pehhly,  with  the  rounded  atones 
roinetinics  from  the  size  of  an  egg  to  that  of  a  man's  head,  but  none  of  them 
arc  i^cratebed  or  polished.  It  covers  the  plaint  about  Lake  Geneva  and  the  low- 
lands of  Switserland,  and  underlies  the  moralnM  4^  the  great  Swiss  Glacier 
(p.  545),  and  cuntainf*.  though  rarely,  bunes  of  the  Ui  tw  aptlxtc,  Ft  lit  upelma, 
£fr/)hn*  }>  >iii>-ir„i„ii,  Hhiiioctrot  titkoriittUf  HippoyotaatMf  eto.y  without  any  le- 
stains  of  modern  species. 

4.  Tbo  Drift  of  the  great  Glacier  of  Switzerland,  together  with  the  Terraces 
aad  LcBss  or  silt  of  the  river-borders.  It  may  belong  to  the  AsMriean  Terrace 
epoeh*  The  true  Drift  is  nnstratified,  and  spreads  upward  over  the  bills ;  the 
stones  fire  scratched  and  poli-^lu-rl,  and  in  part  lie  in  «listinct  njoraines.  or  tiro  mixed 
with  jrlacial  mud.  The  .illiix  ium  or  l<ess  covers  this  Drift.  It  is  well  .seen  in 
the  valley  of  the  Rhine  north  ul  Dasilc,  where  it  overlies  the  continuation  ol  tho 
eld  dilurinm  of  Switserland.  It  is  sometimes  one  hundred  flset  th^k,  and  ex- 
tends ap  several  hundred  feet  abofe  the  bottom  of  the  valley.  It  oontaias  a 
Taat  amount  of  land-shells,  of  existing  species ;  but  they  havo  the  small  size  aad 
nspeet  that  belong  to  tho?e  now  found  in  the  .Alps  fiOOO  feet  above  tho  Kca. 

Hear  Geneva,  at  Mattcguin,  there  is  a  hone-bed  ten  to  hl'tcen  feet  below  the 

as 
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surface,  which  was  first  explored  in  1815  hy  Piot«t.  It  occurs  in  gravel  whoM 
8toae«  are  scratched  as  by  glaoier  action,  and  uverlieia  day  containing  scratched 
pebUM,  whMiM»  Moording  to  A.  ^ttc^  It  belongs  to  tho  opoeh  of  tlio  groat 
Bwias  glacier,  or  that  immediately  Hucceeding  it,  and  not  to  the  "  ancient 
diluvium"  of  Switzerland.  It  contains  remains  of  various  Mummalrf  <>(  v.\i-t- 
ing  species,  as  the  Shrew,  Mole,  Fox,  Hut,  Mouse,  Hog,  Ox,  Chamois,  Stag,  etc. 
The  \<B»a  also  contains  abundant  remains  of  existing  Mammala,  togotker  with, 
in  tome  wma,  tho  oneiont  Blephuit,  and  a  fow  other  estiact  •peeies. 

In  North  Amerioa  aono  of  tho  Mammals  appear  to  date  from  the  Terrace 
epoch.  Among  these,  accordins;  to  Holmes  and  Lei<ly,  there  nro  ]ir<>1)!il>!y  tho 
modern  Horse,  or  one  similar  to  the  common  species,  the  gray  Kabbit,  and 
Tapir;  and  to  those  Dr.  IloUnes  adds  tho  Bison,  Peccary,  Bea%-er,  Musk-Rat, 
Blk,  Door,  Raecoon,  Oposram,  Hog,  8h«ep»  Dog,  and  Ox*  Tho  apoeieoy  how- 
ever,  have  not  in  all  cases  been  identified  with  oortainty  j  and  it  is  not  eet- 
tied  that  tho  comniinirlinf^  of  bones  is  not  of  moro  modem  origin.  In  western 
Canada.  Chapman  bus  found  remains  of  tho  modern  Beaver,  Musk-Kat,  Klk 
{Btapkua  CattQiUmn*),  and  Moose,  in  stratified  gravel  which  contained  al90 
bonee  of  tho  Mammoth  and  Mastodon. 

The  caverns  of  tho  country  have  afforded  some  Mammalian  remain^  but  only 
of  recent  spccicf*,  though  otherwise  supposed  until  recently.  In  ')ne,  near  Carlisle 
in  Pennsylvania,  Baird  found  bones  of  all  the  si)ecies  of  Aiummub  of  the  State, 
besides  one  or  two  other  speeios  not  now  Pennsylvanian,  bnt  known  in  regions 
not  fisr  remote.  As  a  general  mls^  the  bones  appeared  to  indieate  that  tiM  aiso 
ozoeeded  that  of  the  aperies  at  tbn  present  time. 

A  fow  apecios  of  animals  havo  bocome  extinct  in  recent  times, 
and  partly  tlirouo;h  the  a|:<Mi(  V  of  Man.  Amonor  those  there  ate 
tho  Moa  {Dinnrnis},  aiul  othi-r  hirds  of  Now  Zoaland.  and  the 
and  siome  of  its  ai»jOciate:i  of  Mauritius  and  the  acyoining  islands 
in  the  Indiaii  Ooetm.  The  species  are  of  the  half-fledged  Ostrich 
tribe.  Fig.  844  (copied  from  Strickhmd's  **  Dodo  and  itti  Kindred") 
it  from  a  painting  at  Vienna  made  by  RoUnd  Saveiy  in  1C28. 

The  Doilo  wa.s  a  larirf.  elumsy  bird,  some  fifty  pounds  in  wcipht,  with  loo.«e, 
downy  iihimage,  and  win;;.s  no  more  perfect  than  thow  of  a  younj;  chicken.  Tho 
Dutch  navigators  found  it  in  grc.it  numbers  in  tho  Mventeentb  century.  But 
after  the  possesdon  of  the  island  bj  the  Frcneh,  in  1712,  nothing  more  is  heard 
of  the  Dodo;  a  head,  two  feet,  and  a  oranium  are  all  tUat  is  lef^  except  some 
plotnres  in  tho  works  of  the  Dutch  voynircr!». 

The  Soiilai're  is  another  exterminnted  bird  of  tho  same  i.«land. 

The  ifoa  {Dinurni*  giynutetu)  of  New  Zealand  exceeded  the  Ostrich  in  size, 
being  10  to  12  feet  in  height.  The  tibia  (dramstiek)  of  the  bird  was  thlrtj  to 
thir^-tWO  iaehes  in  length,  and  the  eggs  so  large  that  it  i.*  said  "  a  hnt  wuuM 
mrtke  a  pood  cfp-cup  fur  them."  The  hunes  were  found  ulon^  with  charred 
wood,  showing  that  they  had  bocn  killed  and  eaten  by  the  native«.  The  name 
Dinomls  Is  from  itutt  ttrrihttt  and  apms,  bird* 

Besides  the  DimormU  gigamHu*,  remains  of  other  exUnet  speeies  of  the  genns 
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lULf  beta  foosd ;  alio  estinek  ipMlM  ct  P^lmpterjfm  aad  JVetonN**.  Pklt^Urgz 

is  related  to  Apttryx;  nnd  both  Apterys  and  Solui  ni»  have  living  specici^ 

On  Mttilayatcar  another  i-pecies  of  this  family  of  };igantic  Ostrich-Hkc  \>]r'\* 
fonnorly  existed.  The  fpeciea  has  been  called  j£/tiuniit  mojcimut.  Frutu  the 
Imhmi  of  the  leg  it  la  suppoMd  to  liftvo  boon  at  looit  twolvo  foot  in  height.  The 
ogg  woo  oTor  »  foot  (tbirtooB  and  a  half  faaehoo)  in  length. 

Tbo  great  Auk  of  the  North  Sea  {Alca  impeHuiii)  is  reported  to  be  an  estiaot 
bird  by  Pruf.  Stcon^trup.  The  la-t  known  to  have  been  seen  were  two  taken 
near  Icelund  in  1844.  The  buncs  occur  in  great  numbers  on  the  shores  of  Ice- 
land, Grecnlood,  and  Denmark,  abowing  that  it  wua  unco  a  cummun  bird. 

A  opeeloo  of  Manatoo,  Bjftima  SftlUri  Oavior,  known  in  tbo  lait  eontoiy  on 
tbo  Aretie  shores  of  Siberia,  is  now  suppooed  to  bo  oztinet. 

The  Aurochs  {Bo9  Bituii)  of  Europe,  one  of  the  cotcinpnrnric?  of  the  old 
Elephant  ( K.  jtrimtfjtniua),  would  have  long  since  been  cxtcrminatiMi  from  Eu- 
rope but  fur  the  protection  of  Man.  Though  onco  abundant,  il  is  now  confined 
on  tbat  oontinont  to  tbo  imperial  foroits  of  Lithoaala,  belonging  to  tho  Kasaiaa 
onperor.  It  la  said  to  exist  alao  in  tbo  Canoasas.  The  B'm  primigeHtrnt  of  tbo 
Poit-tcrtiary  is  supposed  to  be  tho  same  with  the  l.'rut  (Ure-Ox  or  Boa  Urma) 
described  by  C'trsnr  in  his  Commcntjirief.  and  stated  to  abotind  in  the  (lallio 
foreald,  and  is  a  distinct  species  from  the  Aurochs,  with  which  it  has  been  con* 
founded.  Tbo  tpoeioa  la  now  qoite  extinct  *It  b  aaid  to  bare  contloood  la 
Swttsorland  into  tbo  aixteontb  oaatury. 

Tlio  American  Bufl'alo  {Bo»  Amrricanna)  formerly  covered  the  eartem  part  of 
the  coulinont  to  tho  Atlantic,  and  extended  south  into  Florida,  Texas,  nnd 
Mexico ;  but  now  it  is  ncvec  «eon  ca«t  of  the  Missouri,  excepting  ita  northern 
portion,  and  Ita  main  ran^a  U  botwooa  tbo  Uppor  Misaonri  and  tbo  Roo^ 
Monntaini,  and  lh>m  nortbom  Toxaa  and  Now  Moxieo  to  Oreat  ICartia  Lako  la 
latitude  64«  N.  (Baird.) 

Tho  Hpread  of  tho  farms  nnd  Fcttleincnts  of  civilitation  is  gradually  ]iniitinjc« 
all  over  tbo  globe,  tho  range  of  the  wild  auimuls,  especially  those  of  large  siae^ 
and  must  end  in  tho  extermination  of  many  now  existing. 

^fon. — Somo  of  tho  fossil  iclios  of  Mixn  are  skeletons  or  isolatod 
bones, — stone  arrow-lu-ads  ;in<l  other  ini|>lenicnts, — pieees  of  wood, 
bone,  or  stone,  hacked  or  otlierwise  marked  with  a  tool. — pottery, 
—bronze  implements, — coins, — engraved  tablets  of  stone, — buried 
dtiest.mieh  as  Nineyeh  and  Pompeii. 

One  of  the  moat  p«frfect  of  foasil  skeletons  found  in  solid  rock  is 
represented  in  fig.  845.  It  is  from  a  shell  limestone  of  modem 
origin,  and  now  in  progress,  on  the  island  of  Ouaduloupe.  The  spe> 
cimen  is  in  the  Museum  at  Paris.  The  British  Museum  contains 
another  from  the  same  region,  but  wanting  the  head,  which  is  in 
the  collection  of  the  Medical  <'ollet:e  at  Charleston  in  Soutli  Cnro 
lina.  They  are  the  remains  of  C'arihs  killed  in  a  light  with  a  n«'i:jh- 
1)01  iiig  tribe  al>out  two  centuries  since.  In  the  county  of  Cork, 
Ireland,  a  skeleton  Wits  formerly  obtained  beneath  a  bed  of  peal 
eleven  feet  thick.   Fig.  846  represents  a  ferruginous  conglomerate 
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containing  silver  coins  of  the  reign  of  Edward  I.  and  some  others, 
found  at  Tutbury,  England.  It  was  obtained  at  a  depth  of  ten 
feet  below  the  bed  of  the  river  Dove. 

The  earliest  remains  of  Man  and  his  art  occur  with  the  bones  of 
extinct  Post-tertiary  animals,  in  the  same  conditions  as  the  bones 
of  the  modern  Mammals  above  mentioned.  They  are  flint  arrow- 
heads, stone  axes,  pieces  of  bone  and  wood  cut  or  marked,  and 


Fig.  845.  Fig.  846. 


Ilum&n  skcletoD  from  Guadalonpe.  Conglomerato  contniniriK  coins. 


also  some  of  the  bones  of  skeletons.  They  have  been  found  in 
England.  France,  Switzerland,  and  some  other  countries  in  Europe. 
The  associated  extinct  animals  include  the  Elephant  {Fj.  primige- 
nius).  Rhinoceros  ( R.  tichorinus).  Triah  Elk  (Megaceros).  and  Cave 
Hyena.  The  localities  are  bone-caverns  and  beds  of  alluvium.  The 
facts  appear  to  place  it  beyond  doubt  that  Man  began  to  exist 
before  the  extinction  of  the  Post-tertiary  races,  as  before  stated. 

Lornlitiet  of  hun\a%\  relict  iu  ttratifitd  deprntitt. — (1.)  Near  Abbeville,  Franco,  in 
the  valley  of  the  Sommc,  at  Menchccourt  and  el.«cwhcre,  firpt  investigated  by 
B.  de  Perthes. — The  excavations  occur  in  a  bed  of  alluvium  (stratified  loam, 
sand,  and  gravel),  situated  about  ninety  feet  above  the  valley;  the  layers 
apparently  had  not  been  disturbed  since  their  fnrmatinn  under  the  action  of 
fresh  waters.  Land-shells  {Hrlix,  Pupa,  CInuitilxn)  occur  in  the  bed  with  the 
arrow-heads:   and  bone<  of  the  old  Elephant  were  found  in  the  overlying 
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iU)<i^-  layer,  and  a  nearly  entire  skeleton  of  a  JikiHocerot  in  the  inferior  bed  at 

(2.)  Near  Amieaiy  at  St  Aeheal,  and  aUMwhere  in  the  tama  ▼aUay.^Tlie  beda  mf 

siinilur,  and  are  situated  eighty-nine  fwt  above  the  bottom  of  th©  valley.  Their 
thickuesa  is  twenty  to  thirty  foi-t.  The  arrow-heads  ami  hatchets  nrt-  in  (travel 
renting  on  ohalk;  and  in  the  t^ame  dcpusitd  were  found  bone^i  of  tUu  aucieat 
JSl^^hamt,  JRkimoetrot,  and  Hippopotami.  OtW  loealiUai  of  flint  arrow-liaads 
«eear  In  tha  rallay  «f  th*  Saina  naw  ChitiUon^mr-Salna,  and  in  thatof  tha  OIm^ 
at  Preoy. 

(3.)  At  lloxnc,  En<:land,  fire  miles  east  of  DIbb. — Flint  implements  occur  here 
in  alluvium  with  land  and  fresh-water  shells  and  some  Mammalian  bones, — |>art 
of  tbom  of  oxtinot  species ;  and  it  ia  probaUo  that  tbo  dopooita  dato  baek  to 
tho  ago  of  tbo  Pttft-toftlaij  Ifammali.   Tho  beda,  amotding  to  Pieatwieh,  aio 

more  recent  than  the  "  boulder-claT"  Qlacial  period.    The  period,  be 

objiorvivs, "  wiis  aInl)n^'^•t  the  latest  in  geolujricHl  time, — one  apparently  imme- 
diately anterior  to  the  surface  assuming  its  present  form  so  far  as  it  regarda  some 
of  the  minor  featnree." 

Pmtwiobalio  mnarlta  that"the eridonee^ from  tbo oeeonoaooofhunaa  foUeo 
with  the  bones  of  extinct  animals, "  as  it  at  present  stands,  doei  not  seem  to  om 
to  necessitate  tho  carrying  of  Man  back  in  pant  time,  «o  much  the  bringing 
forward  of  theextinct  animals  towards  our  own  time;  mj  own  previous  opinion, 
founded  on  an  independent  study  of  the  superficial  drift  or  Pleistocene  (Post- 
tertiary)  deposits,  liaTing  likewise  been  certainly  in  favor  of  this  view." 

(4.)  About  several  oftho  Swiss  lakes  there  are  the  remains  of"  Lake-habitation^" 
in  tho  flhnpo  of  jtilo*  an<l  |>ljitfi>rin'j  for  tlu'ir  ;*upport,  which  are  in  view  at  r>oc»- 
cional  low  stages  of  tho  water.  In  connection  with  tho  structure?  numerous 
human  relics  have  been  found,  such  as  stone  arrow-heads,  lance-heads,  axes, 
hamsBers,  bone  harpoons,  bone  arrow>hoads,  pieees  of  pottery,  but  nothing  made 
of  iiiutol.  According  to  Keller,  24  of  these  lake-habitations  have  bt-cn  found  on 
Lake  Geneva,  26  on  Lake  Neufrhatcl,  Ifi  on  Lake  Tun^'tnnce,  1 1  on  Lnkc  Bienne^ 
bcHiiles  many  on  the  other  lakes.  Part,  however,  belong  to  the  later  or  ''Bronso 
age. 

Bntin^r  states  that  M  speeies  of  Torlebrate  animals  have  been  identified  in 

oennection  with  the  earliest  ruins, — 10  of  Fishe*,  S  of  Reptiles,  17  of  Birds,  and 
the  rest  (36)  Mammals.  Ki;rht  nf  the  latter  were  prol>aMy  domr-^tinitcl. — the 
Do'j,  Piij,  Ifiirne,  Ami,  G<mt,  Shei'p,  and  two  species' of  Orm  ;  ami  among  the 
rciit  occur  bones  of  the  A  nrockt  and  BUon.  As  thetio  two  species  were  cotcm- 
porarios  of  the  aneient  Elephant,  it  Is  possible,  as  Bntimajsr  obserrea,  that  tbo 
structures  date  back  to  the  earliest  tribes  of  Men  in  Europe.  Tet  the  abssaea 
of  tho  remains  of  the  Elephant  and  Mastodon  SSOms  to  show  thnt  thsj belong  tO 
a  later  date  than  the  dopositn  of  Amiens. 

CavtnM. — Near  Aray,  in  the  Department  of  Aubo,  according  to  De  Vibraye^ 
a  hnman  Jaw  was  fmmd  ia  Uio  same  bod  which  oontained  remidns  of  Jtiimtettm 
and  the  Oboe  Bwr  and  Ji^eao.  In  Kent's  Cavem  near  Torquay,  Eaglaa^ 
there  are  flint  arrow-heads;  at  Brixham,  Devonshire,  in  the  supcrftcial  staley- 
mite;  and  in  on©  near  Liege,  explored  by  Sohmerling.  Other  human  relic*,  as 
fragments  of  rudo  pottery  and  bones,  have  been  found  with  bones  of  the  ancieat 
Mammals ;  and  they  ocenr  in  each  ease  in  saeh  eonneotions  as  appear  to  shsmr 
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that  Man  existed  before  the  extermination  of  the  Post-tertiary  spccic!>.  Lartet 
has  described  a  mn  nmt  AnrlgnM  in  Um  Tisiaity  of  Um  Pyranees  ( Dvijurtmeat 
«f  Hattto-OaroBiM),  whieh  Mntaias  h|umii  ikalatoni^  aad  flint  and  bona  ar 
honi  implemcDts,  along  with  fragments  of  bones  or  teeth  of  the  Cave  JSTjfeiro, 

Cbr*  Bear,  (^ure  /V/i*,  /'<  ./  ,  Wild  linnr,  lii'toii,  Stnrj,  Jiri'ndrrr,  Iriah  Elk,  nnd 

Others.  The  bones  are  suppused  to  have  l>««n  carried  in  by  the  human  inhabit- 
ants, and  the  most  of  them  were  from  their  food.  Many  show  that  they  had 
boaa  tpiit  opon  to  get  out  tho  marrow.  Lartet  romariia  that  tbo  poopto  most 
hare  been  ootemporaries  of  the  Rhlaoooroti  Byena,  and  Gigantic  Elk ;  imd  even 
of  the  Care  Bear,  tho  species  among  tho  gTCot  M Aounala  of  the  Post- tertiary 
which  waM  probably  tho  earliest  to  disappear. 

Near  Palermo,  Sicily,  there  is  a  oavern  containing  human  relics,  along  witll 
fomo  lomniaa  of  oxUnot  aaimnls. 

In  North  Amorien  thoro  an  no  known  Ihoti  inflloiontlj  wtU  aathonUoatod  to 
he  here  repeated. 

In  pome  of  the  South  American  caverns  Dr.  Land  found  human  bones  along 
with  those  of  extinct  species,  and  has  published  as  his  conclusion  that  the  bones 
halonged  to  on  nnelont  trfbo  whioh  WM  oooral  with  wvm  of  tho  ozMnot 
MoBunala* 

As  tho  implemonts  nmong  those  early  relics  are  nil  mncle  of  stone, 
the  age  in  which  thoy  occur  hm  heon  called  the  S(onr  prrl^.J  (or 
.Stone  age),  in  distinction  from  tho  later  Bron/.o  or  Ardiaic  jm  ri*><l, 
an<l  still  later  Iron  or  Teutonic  period.  But  until  Amu  ha.s  been 
fully  explored,  and  found  to  afford  corresponding  facts,  the  term 
should  be  regarded  as  belonging  to  European  history  rather  than 
to  that  of  the  human  race ;  and  so  also  with  all  conclusions  with 
regard  to  the  characteristics  of  the  earliest  of  mankind  derived 
from  the  forms  of  bones  or  skulls.  Geology  here  passes  orer  the 
oontinuation  of  the  history  of  Man  to  Archnology. 

The  observations  thus  far  ma<le  appear  to  accord  with  the  view, 
already  expressed,  that  in  tlie  Terrjice  epodi  there  occurred  both 
the  <leoline  of  the  Post-tcrtiarv  races  and  the  introduction  of  tlie 
mo<lern  tribes  of  Mammals,  together  with  the  creation  of  Man. 
Other  animal  tribes  must  have  been  at  tho  same  time  replenished, 
especially  those  of  Birds  and  Insects,  which  are  terrestriaL  Among 
fruits  and  flowers  it  is  not  improbable  that  many  kinds  were  intro- 
duced that  added  both  to  the  beauty  and  wealth,  of  the  finished 
world. 

As  Man  was  in  the  prospect  through  all  tho  progressing  changes 
of  earlier  time,  it  is  not  too  much  to  say  that  in  the  iinal  fitting  up 

of  tho  earth  with  life  there  was  still  a  reference  to  him.  If  creation 
was  the  plan  of  a  being  of  omniscience  and  wisdom,  the  end  was  in 
the  beginning,  and  in  each  succeeding  step. 

In  order  to  appreciate  the  distinctive  features  of  the  age  of  Man, 
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or  of  an  age  in  any  history,  it  is  not  right  to  look  to  its  beginning, 
when  the  past  and  future  are  commingled  and  the  progressing 
stages  are  obscured,  but  onward  to  a  time  when  the  paat  has  ftded 
and  the  age  stands  forth  in  its  own  true  characters.  Thus  viewed, 
the  Cenosoic  and  present  eras  stand  widely  apart.  Both  are,  ap> 
proximiitely,  on  the  same  broad  foundation  of  the  lower  orders  of 
life.  But*  while  the  former  rises  to  an  eminence  in  the  size  and 
ferocity  of  its  higher  brute  races,  the  latter  —  with  more  adornment 
in  its  trihe^,  as  we  may  IxOieve.and  less  bulk  by  three-fourths  in  its 
largest  animals,  us  we  know. — with  an  assemblage  of  life  strij)j)e<l 
largely  of  th<^  animal, — not<'<l  neither  for  Leviathan  reptiles,  like 
the  meridian  of  the  Mcsozoic  era,  nor  for  great  beasts  of  prey,  like 
the  Cenozoic — culminates  in  Man,  with  whom  all  is  in  harmony. 
It  has  its  true  affiliation  not  §o  much  with  the  past  as  with  the 
unending  future. 

Man  ^oM  apedea.'^Thh  oneneat  of  apedei  is  ioatained  by  tho  Ibl* 
lowing  Gondderatiotts : — 

( 1 .)  The  fact  of  an  essential  identity  ambng  men  of  all  raoes  in 
physical  and  mental  characteristics. 

(2.)  The  capability  of  an  intermixture  of  races  with  continued 
fertile  protreny.  The  inferior  race  in  ca'^e  of  mixture  with  a  superior 
may  dwindle,  the  jjeople  becoming  fronj  tlnur  position  discouraged, 
debased,  and,  in  their  poverty  and  superstition,  an  easy  pri*y  to  dis- 
ease ;  and  it  may  possibly  die  out,  as  the  weaker  weeds  disappear 
among  the  strong-growing  grass:  such  decay  is  hence  no  evidence 
that  there  is  a  natural  limit  to  the  fertility  of  "mixed  breeds,"  as 
some  have  urged. 

(3.)  Among  Kammals,  the  higher  genera  have  few  spedes,  and 
the  highest  group  next  to  Man,  that  of  theOurangoutang.  contains 
only  eight ;  and  these  eight  belong  to  two  genera,— of  them  to 
the  genus  Pithccns,  of  the  East  Indies,  and  three  to  the  higher  genus 
Tro<i''u!>/t>'.-i,  of  Africa.  Analogy  requires  that  >ran  should  here  have 
pre-<  ininenee.  If  more  than  one  species  be  admitted,  there  is 
scareely  a  limit  to  the  number  that  may  be  made. 

The  investigations  of  Darwin  on  the  variations  of  spedes,  and 
other  fiusts  of  like  character,  set  aside  olgeetions  to  aa  origin  fttxo 
one  stock  arinng  from  the  diveruties  of  the  raoea. 

These  are  some  of  the  reasons  for  believing  that  Man  stands 
alone— the  one  sole  species — at  the  head  of  the  kingdoms  of  life. 

Or^'n  <m  mdy  one  of  the  two  ffreat  eontinents.—^Avaonf^  the  higher 
Mammals  no  species  is  known  to  have  existed  originally  within  the 
tropics  or  temperate  zones  on  both  the  oi  iental  and  oecidental  con- 
tinents (the  former  including  Europe,  Asia,  and  Africa,  the  latter, 
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North  and  Sooth  America) ;  and,  more  than  this,  species  have  a 
limited  range  on  that  partioular  continent  to  which  they  are 
oonfinod* 

The  Mune  ■pedai  among  the  Monkeys— the  tribe  at  the  head  of 
brate  Kammalw — in  no  instance  occtin  on  both;  nor  even  the 

tame  genus  ;  nor  even  the  same  ikmily ;  for  the  American  type  it 
that  of  the  inferior  Plat >/rr /unci,  whUe  tlio  African  is  that  of  the 

(Atfcirr/iivts  fp.  422).  which  most  approach  Man  in  their  features  nnd 
structure.    This  is  only  the  highest  of  an  extensive  range  of  facts 
in  Zoology  sustaining  the  principU*  in  view.    If,  therefore,  Man  is  * 
of  one  species,  he  should  be  rei>tricted  also  to  one  continent  in  his 
origin. 

Moreover,  Man's  capability  of  spreading  to  all  lands,  and  of 
adaptation  to  all  climates,  renders  creation  in  diflforent  localities 
over  the  globe  eminently  unnecessary  and  directly  opposed  to  his 
own  good.  It  would  be  doing  for  Han  what  Han  could  do  of  him- 
self. It  wouUl  be  contracting  the  field  of  conquest  before  )iim  in 
nature,  thereby  lessening  his  means  and  opportunities  of  develop* 
ment. 

Orifpn  on  some  part  of  tJu-  <}rlndal  ronfinrnf. — The  Orient  has  always 
been  the  contiufnt  of  Proizrcss.  From  the  close  of  the  Paheozoic 
its  species  of  animal  lit*'  have  been  llu  eo  times  an  numerous  as  tliose 
of  jSorth  America,  and  more  varied  in  genera.  In  the  early  Ter- 
tiary its  flora  in  the  European  portion  had  an  Australian  type,  and 
thsfre  were  Harsupials  and  Edentates  there.  In  the  middle  and 
kier  Tertiary  it  represented  recent  North  America  in  its  flora. 
But  ttom  this  condition  it  emerged  to  a  higher  gratle.  In  the  Post* 
tertiary  it  became  the  land  of  the  Carnivores,  while  North  America 
was  the  continent  as  distinctively  of  Herbivores, — an  inferior  type, 
— South  America,  of  Ed*^ntate<», — still  lower, — Australia,  of  the  lowest 
of  quadrupeds, — the  Marsujiials.  In  the  closing  creations  Australia 
reniaint'd  Marsupial,  though  with  dwindled  forms;  South  Anurica 
was  still  the  land  of  Etlentates,  but  of  smaller  species,  and  with  in- 
ferior Carnivores  and  the  inferior  type  of  Monkeys  or  Quadramana; 
North  America,  of  Herbirores,  also  small  compared  with  the  Post> 
tertiaiy ;  while  the  Orient*  besides  its  new  Carnivores,  received  the 
highest  of  the  Quadrumana.  Thus  the  Orient  had  successively 
passed  through  the  Australian  and  American  stages,  and,  leaving 
the  other  continMkts  behind,  it  stood  in  the  forefront  of  progress. 
It  is  therefore  in  accordance  with  all  j)ast  analogies  that  Man  should  « 
havo  originated  on  some  part  of  the  great  ( )ri<'nt ;  and  no  spot 
would  smn  to  have  been  better  fitted  for  Man's  seU"-di>tiilnition 
and  sell-deveiopment  than  southwestern  Asia, — the  centre  from 
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which  the  three  grand  oontmental  diyinoos  of  Europe,  Asia,  and 
Africa  radiate. 

iVb  ereatuns  tinee  that  qf  Man, — ^It  is  not  known  that  any  new  q»e- 
des  of  plants  or  animalii  have  appeared  on  the  Earth  ainoe  the 
creation  of  Man. 

in.  Ohangee  of  level  on  the  BarCh'a  BorfiMe. 

Although  the  oartli,  in  thin  its  last  age,  has  reached  a  state  of 
*  coinparutive  stability,  changes  of  level  in  the  land  still  take  place. 
The  movements  are  of  two  kinds : — 

1.  Secular,  or  movements  progressing  slowly  by  the  centiuy. 

2.  Paroxysmal,— taking  place  suddenly,  in  connection  nsaally 
with  earthquakes. 

1.  Secular. — ^The  secular  moTements  which  haye  been  oheerred 
are  confined  to  the  middle  and  higher  temperate  latitudes,  and  are 
evidently  a  continuation  of  the  series  which  characterized  the  Post- 
tertiary  period.  In  this  and  other  dynamical  changes  the  Post-ter- 
tiary and  the  age  ol"  Man  have  intimate  relations.  The  movements 
of  the  former  were  directly  antici[»atory  of  the  latter. 

The  coast  of  Sweden  and  Finland  on  the  Baltic  has  been  proved, 
by  marks  made  under  the  direction  of  the  Swedish  governmeut, 
to  be  slowly  rising.  The  change  is  slight  at  Stockholm,  but  in- 
creases northward,  and  is  felt  even  at  the  North  Gape,— en  extent 
north  and  south  of  one  thousand  mUes.  Lyell,  in  1834,  estiinateil 
the  rise  at  Uddevalla  at  nearly  or  quite  four  feet  in  a  century,  and 
he  made  it  still  greats  to  the  north.  The  fiact  of  the  slow  elevation 
was  first  suspected  a  century  and  a  half  since.  Here,  then,  is  slow 
movement  by  the  century,  such  as  characterised  the  great  changes 
of  level  in  pjust  ages. 

Beds  of  recent  shells  are  found  along  the  coast  at  many  places,  at 
heights  from  lUO  to  700  feet.  Part  of  these  may  be  of  Post-tertiary 
date.  Two  miles  north  of  Uddevalla,  Lyell  found  barnacles  on  the 
rocks  oyer  100  feet  above  the  sea;  and  there  are  shell-beds  at  a 
height  of  400  feet.  *  The  former  at  least  belong  probably  to  the  pre* 
sent  era.  Southwest  of  Stockholm  other  beds  of  shells  occur,  and 
the  same  dwarfish  species  that  now  live  in  the  partly-^esheDcd 
waters  of  the  Bothnian  Gulf. 

There  are  also  near  Stockholm  proofs  of  a  former  subsidence 
since  hsliing-huts  were  built  on  the  coast.  A  fishing-hut,  having  a 
rude  fireplace  within,  was  struck,  in  digging  a  canal,  at  a  depth  of 
sixty  feet.  It  is  a  common  belief  that  over  southern  Swedtjii  a 
very  slow  subsidence  is  now  in  progress. 
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In  Grocnland  a  alow  subsidence  is  taking  place.  For  600  miles 
from  JWfloo  Bay.  near  60°  N.,  to  the  Firth  of  I^uliko,  00°  43',  the 
coast  has  been  sinking  for  four  centuries  past.  Old  buildings  and 
Ulands  have  been  submorgod.  and  the  Moravian  settlors  have  ha<l 
to  i>ut  down  now  j>oh-s  for  thoir  boats,  and  the  old  ones  stand,  Lyell 
ol>s«;TVos.  "  a.s  silont  witnesses  of  the  change." 

Un  the  North  American  coast  south  of  Greenland,  along  the 
coasts  from  Labrador  to  New  Jersey,  it  is  supposed  that  similar 
changes  are  going  on ;  though  more  investigation  is  required  toestar 
Uish  ftdly  the  &ct  0.  H.  Cook  concludes  from  his  observations 
that  *  slow  elevation  is  in  progress  along  the  coast  of  New  Jersey; 
Long  Island,  and  Martha's  Vineyard  (Am.  Jour.  Sci.  [2]  xxiv. 
341):  and.  according  to  A.  Gesner,  the  land  is  rising  atSt.  John's 
in  New  Brunswick;  sinking  at  the  island  of  (irand  Manan  ;  rising 
on  the  coast  opjKDsite,  at  Bathurst;  sinking  near  the  Bay  of  Fiindy 
and  Ba?-in  of  Mines  in  Xova  S{«otia,  except,  perhaps,  on  the  south 
side,  anrl  rising  at  Prince  Edward's  Island. 

The  Coral  Islands  of  the  Pacific  are  proofs  of  a  great  secular 
subsidence  in  that  ocean.  The  line  C  C  C  (Physiographic  Chart) 
between  Pitcaim's  Island  and  the  Pelews  divides  coral  islands  from 
those  not  ooral ;  over  the  area  north  of  it  to  the  Hawaian  Islands  all 
the  islands  are  atolls,  excepting  the  Marquesas  and  three  or  four 
of  the  Carolines.  If  then  the  atolls,  as  will  be  shown  on  a  future 
page,  are  regist^^rs  of  subsidence,  a  vast  area  has  partaken  in  it,— 
measuring  6(X>f)  miles  in  length  (a  fourth  of  the  eartli's  circum- 
ference) and  HHii)  to  2<mm)  in  breadth.  Just  south  of  the  line  there 
are  extensive  coral  reefs  ;  north  of  it  the  atolls  are  largo,  but  tliey 
diminish  towards  the  equator  and  disai»i>oar  mostly  north  of  it ; 
and  an  the  smaller  atolls  indicate  the  greater  amount  of  subsidence, 
and  the  absence  of  islands  still  more,  the  line  A  A  may  be  regarded 
as  the  axial  line  of  this  great  Pacific  subsidence.  The  amount  of 
this  sabsidence  may  be  inferred,  from  the  soundings  near  some  of 
the  islands,  to  be  at  least  3000  feet.  But  as  two  hundred  islands 
have  disappeared,  and  it  is  probable  that  some  among  them  were 
at  least  as  high  as  the  average  of  existing  high  islands,  the  wliole 
subsidence  cannot  Ite  less  than  00(10  foot.  It  is  probable  that  this, 
sinking  began  in  the  Post-tertiary  period. 

Since  this  subsitlonre  ceased — for  the  wooded  condition  of  the 
islands  is  proof  of  its  having  ceased — there  have  been  several  cases 
of  isolated  elevations.  The  following  are  some  of  the  islands  that 
haive  been  elevated: — Oahu  (Hawaian  Islands),  25  feet;  Elisabeth 
Island,  Paomotu  Archipelago,  80  feet;  Metis  or  Aurora,  250  feet; 
Atio,  Hervey  Group,  12  feet;  Mangaia,  300  feet;  Burutu,  150  feet; 
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Eua,  Tonga  Group,  nearly  300;  Vavau,  100;  Savage  Uland,  100. 
Many  others  have  boon  raised  to  a  loss  amount. 

2.  Paroxysmal. — The  changes  of  level  about  Pozzuoli  near  Na- 
ples, at  Cutch  in  the  Delta  of  the  Indus,  and  on  the  Chilian  ooast. 
South  Ameriba,  are  noted  examplea  of  modem  obange  of  le?eL 
The  first  appears  to  have  been  gradual  in  its  progresi;  but,  if  so,  it 
is  not  properly  aecular  in  the  sense  in  which  that  term  ia  used. 
The  cases  at  Cutch  and  in  Chili  were  connected  with  earthquakes: 
the  other  is  in  the  volcanic  region  of  southern  Italy. 

The  temple  of  Jupiter  Serapiit  at  Poszuoli  was  originally  134  feet 
lon^j  by  115  \vi<lo.  an<l  the  roof  was  supported  by  forty-six  columns 
•  Ii  forty-two  foot  high  and  five  in  diameter.  Throo  of  the  column:* 
are  now  standing:  thoy  boar  ovidonce,  however,  that  they  were  onre 
for  a  considorable  tiiiio  subnicrged  to  half  their  height.  The 
lower  twelve  foet  is  smooth  ;  for  nine  feot  above  this  they  are  pene- 
trated by  lithodomous  or  boring  shelb,  and  remains  of  the  shsfls 
(a  gpeoies  now  living  in  the  ICediterranean)  were  found  in  the 
holes.  The  columns  when  submerged  were  oonsequently  buried 
in  the  mud  of  the  bottom  for  twelve  feet,  and  were  then  in  water 
nino  feet  deop.  The  pavement  of  the  temple  is  now  submersed. 
Five  feet  below  it  there  is  a  second  pavement,  proving  that  these 
osoillations  had  gone  on  t)oforc  the  templo  was  desortod  by  the 
Romans.  It  bus  bo<  n  r<'oontly  stiitod  that  for  some  time  [>rovioii-"» 
to  1S45  a  slow  sinking  iiad  been  going  on,  and  since  then  there  has 
been  as  gradual  a  rising. 

At  the  earthquake  in  1819  about  the  Delta  of  the  Indus,  an  area 
of  2000  square  miles  became  an  inland  sea,  and  the  fort  and  vlDaga 
of  Sindree  sunk  till  the  tops  of  the  houses  were  Just  above  the 
water.  Five  and  a  half  miles  ftom  Sindree,  parallel  with  this 
sunken  area,  a  region  was  elevated  ten  feet  above  the  delta,  fifty 
miles  long  and  in  some  parts  ton  broad.  The  natives,  with  ref«»r- 
enco  to  its  origin,  call  it  Uilah  liund,  or  Mound  of  God.  In 
the  fort  of  Sindroe  was  still  half  bm  iod  in  the  sea  ;  and  during 
an  earthquake  in  IW  the  Sindree  Lake  was  turned  into  a  fslt 
marsh. 

'  In  1822  the  coast  along  by  Concepcion  an<l  Valparaiso,  for  1200 
miles,  was  shaken  by  an  earthquake;  and  it  lias  been  estimated 
that  the  coast  at  Valparaiso  was  raised  three  or  four  feet.  In  Fflb- 
ruary,  1835,  another  earthquake  waa  felt  fW>m  Copiapo  to  Chili,  sad 
east  beyond  the  Andes  to  Hendoaa.  Captain  Fitooy  atatea  tlMt 
there  wss  an  elevation  of  Ibor  or  five  feet  at  TaleahuaaOk  which  wss 
reduced  by  April  to  two  or  throe  feet.  The  south  side  of  the  island 
of  SHUta  Maria,  near  by,  was  raised  eight  feet,  and  the  nortli  tea. 
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and  beds  of  dead  mussels  were  found  on  the  rocks  ten  feet  above 
high-water  mark. 

Fig.  847. 


Temple  of  Jnpiter  Seropii. 


Thus  the  earth,  although  in  an  important  sonse  finished,  is  un- 
dergoing changes  from  paroxysmal  movements*  and  prolonged 
oscillations.  The  changes,  while  more  restricted  than  in  the  ages 
of  progress,  ore  yet  the  same  in  kind. 
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GENERAL  OBSERVATIONS  ON  GEOLOGICAL 

HISTOKY. 

1.  LENGTH  OF  GEOLOGICAL  TIME. 

On  former  pages  (pp.  386,  493,  568)  estimates  have  been  given  of 
t!io  rolativo  lengths  of  th*""  ngcs  and  periods,  or  their  time-r.vtios. 
Futiuv  discovery  will  probal»ly  onalde  the  geolo'rist  to  determine 
these  ratios  with  far  greater  eertainty  and  precision. 

Although  Geology  has  no  means  of  substituting  ])ositive  lengths 
of  time  in  place  of  such  ratio««  it  affords  fkots  snffident  to  prove 
the  general  proposition  that  Time  is  long;  and  a  few  examples  are 
here  given. 

Niagara  Itas  made  its  gorge  by  a  slow  process  of  excavation,  and 
is  still  prolonging  it  towards  Lake  Erie.  Near  the  fall  it  is  200  to 
l!')0  teet  dee]>.  and  at  the  fall  itself  lt>0  feet, — the  lower  80  feet  shale, 
the  ujiper  S<l  limestone.  The  rocks  dij)  15  feet  in  a  mile  uj*  stream, 
ho  that  the  liniestone  l»econies  thicker  as  it  r«M«fd«'s  on  its  course, 
'i'lio  waters  wear  out  the  shale,  and  thus  undermine  the  limestone. 
The  distance  from  Niagara  to  the  Queeustown  heights  which  face 
the  plain  bordering  Lake  Ontario  is  seven  miles. 

On  both  sides  of  the  gorge  near  the  whirlpool  (three  miles  below 
tlie  fiill),  and  also  at  Qoat  Island,  there  are  beds  of  recent  lake- 
tthells,  Unios,  Melanias,  and  Paludlnas,  the  same  kinds  that  live 
in  still  water  n-  ar  the  entrance  to  the  lake,  ami  which  are  not 
fiMind  in  tlie  nipids.  Tlio  lake,  therefore,  spread  its  still  waters, 
when  these  beds  were  formed,  over  the  gorge  above  tlie  whirlj)OoI. 
A  tooth  of  a  Mastodon  has  l)e.  n  fomul  in  the  same  beds.  This 
locates  the  time  in  the  Cham]>hiin  epoch.  Moreover,  the  waters 
would  not  have  been  set  back  to  the  height  of  these  beds  unless 
(hey  extended  on  below  for  at  least  six  miles  ftom  the  fitlls.  Six 
miles  of  the  gorge  have,  then,  been  excavated  since  that  Mastodon 
was  alive.  There  are  terraces  in  the  shell  deposits  showing  changes 
of  level  in  the  lakes. 

There  is  a  lateral  valley  leading  from  the  whirli)ool  tlirough  the 
Qneen^^town  precipice  at  a  ]>ointafew  miles  west  of  Lewi-ton.  Thi-* 
vidley  is  tilled  with  drift  of  the  Glacial  epoch,  as  stat<Ml  on  p.  '>•'»♦''; 
un  1  this  blocking  up  of  thechunucl  may  have  compelled  it  to  open 
a  new  passage. 

If,  then,  the  fiills  have  been  receding  six  miles,  and  we  can  asce^ 
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tain  the  probftbte  r»te  of  prograiB,  we  majr  approximate  to  the 
length  of  time  it  required.  Hall  and  Lyell  estimated  the  aTerage 
rate  at  one  foot  a  year,— whioh  is  certainly  large.  Mr.  Desor  con- 
cluded, after  his  study  of  the  fidls,  that  it  was  **  more  nearly  three 
feet  a  century  than  three  feet  a  year."  Taking  the  rate  at  one 
foot  a  year,  the  six  miles  will  have  required  over  .3l'000  years  :  if  at 
one  inch  a  year, — whioh  is  8i  feet  a  century, — 380,0(X)  years.  These 
calfulutions  may  be  taken  as  data  for  estimating  the  length  of  time 
rtMjuired  for  excavating  tlio  great  gorge  of  the  Colorado  mentioned 
on  jj.  5G9, — 300  miles  long  and  30W  to  GO(K)  feet  deep,  some  hun- 
dreds of  feet  of  the  depth  being  for  much  of  the  tlistanco  through 
granite.  The  whole  was  probably  accomplished  after  the  close  of 
the  Mesoioic. 

The  rate  at  which  coral  reefe  increase  in  height  affords  another 
mode  of  measuring  the  past.  The  rate  of  growth  of  the  common 
branching  Madrepore  b  not  over  one  and  a  half  inches  a  year. 

As  the  branches  are  open,  this  would  not  be  equivalent  to  more 
than  half  an  inch  in  height  of  solid  coral  for  the  whole  surface 
cov*  red  by  the  Madrejiore,  an<l.ii'<  tliey  are  also  porous,  to  not  over 
thrce-fighths  of  an  inch  of  solid  limestone.  But  a  coral  plantation 
has  large  bare  patches  without  corals;  and  the  coral  sands  are 
widely  distributed  by  currents,  part  of  them  to  depths  over  one 
hundred  feet,  where  there  are  no  living  corals ;  not  more  than  one- 
sijcth  of  the  surface  of  a  reef-region  is  in  fitct  covered  with  growing 
species:  this  reduces  the  three-eighths  to  <me-»xUenih,  Shells  and 
other  oiganic  relics  may  contribute  one-fourth  as  much  as  corals. 
At  the  outside,  the  average  upward  increase  of  the  whole  reef- 
ground  pfflryear  would  not  exceed  one-eighth  of  an  inch. 

Xow,  some  reefs  are  at  least  2(MK)  feet  thick,  which,  at  one-eighth 
of  an  inch  a  year,  corresponds  to  10*2,000  years.  If  the  progressing 
subsidence  essential  to  the  increasing  thickness  were  slower  than 
the  most  rapid  rate  at  wliich  tlie  upward  progress  might  take  place, 
tht^  time  would  be  i>roportionally  longer. 

The  use  of  these  numbers  is  simply  to  prove  the  proposition  that 
Time  is  long, — very  long,— even  when  tiie  earth  was  hastening  on 
towards  its  last  age.  And  what,  then,  of  the  series  of  ages  that  lie 
back  of  this  in  time? 

In  calculations  of  clnp«o<l  time  from  the  thickness  of  formation.",  there  is 
»ltrajii  great  uncortainty  arising  from  the  depeDilenco  of  this  thickness  on  a 
progTvning  raMdeaae.  In  tiM  osm  of  «ond  linMtone  the  data  smployed  give 
Ibe  Irnat  posfiible  time,  m  is  obvious  from  the  above.  In  estimatM  fluule  from 
anavinl  <l«>j>ii-it'<.  when  the  datn  arc  based  on  the  thiokne!<B  of  the  accnmulationi 
in  »  giren  number  of  yewB, — lajr  the  hut  2000  jears, — thia  sootm  of  doubt  affects 
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tiM  whole  MloaUitton  from  iU  foundation,  and  nndm  It  almoat,  if  not  qniti^ 

worthless.  An  estimate  of  the  length  of  the  Miocene  ^oeh  inudc  from  detn 
dfrivod  from  observations  on  the  deposits  then  fonnin;;  in  En<:Iand  would  have 
given  uu  idcu  of  the  length  ut'  time  required  fur  the  Miuccnc  inuioiise  ol  tiwitser- 
lud;  and»  in  the  Hune  manner,  any  each  data  ftom  ohaeiratione  at  the  preient 
day  most  he  eqnally  fhllaeiottai  When  the  eetima*^  aa  from  delta  deposits,  li 
based  on  the  nroount  of  detritus  discharged  by  n  stream,  it  is  of  more  value 
But  even  hero  there  is  n  source  of  prcat  donht,  in  our  iirnoriinec  of  the  oscillations 
the  continent  muy  have  undergone  in  pu^t  time,  which,  especially  if  an  upward 
moremen^  would  havo  afietad  the  aaonat  of  diseharge.  This  louroe  of  doubt 
affeets  also  the  ealoolations  from  the  exoavation  of  ralleys. 

2.  QBOORAPHICAL  PROQRESS  IN  NORTH  AlfSRICA. 

The  systetu  of  oscillations  and  progress  during  the  ages  to  the 
close  of  the  Tertiary  period,  and  the  new  system  which  succeeded 
and  characterized  subsequent  time,  have  been  discussed  in  the 
course  of  the  General  Observations  on  the  Axoic,  Pabeoioic,  Keso* 
sole,  and  Onozoic  eras;  and  the  reader  is  here  referred  to  pp.  144^ 
388,  502,  and  568,  a  recapituUtion  in  this  place  being  lumecessazy. 

8.  PROGRESS  OF  LIFB. 

Several  general  principles  connected  with  the  progress  of  life 
have  been  illustrated  in  the  course  of  the  preceding  history.  They 
are  here  brought  together  and  presented  briefly  and  more  system- 
atically. Tlio  subject  may  be  considered  under  two  heads  :—^(rK, 
the  system  in  the  progress  of  lifo;  srmnrf,  tlie  relations  of  the  pPC^ 
gress  of  life  to  the  physical  progress  of  the  globe. 

1.  SrSTBH  IN  THI  PaooKiss  OP  Lin.* 

1.  Reality  of  the  progress. — (1.)  In  geological  history,  HoUusks.  Co 
rals,  and  Crinoids  are  at  one  end  of  the  series  of  uiimal  life,  Han 

e  The  following  are  aome  of  the  Oriltnn  nf  rank  among  Animals : — 

( ] .)  l'n<lcr  nnv  fvpc.  irutrr-fpcrien  are  infrrinr  to  Innil-tjuritK  :  a.<  the  Sra]*  to 
the  terrestrial  Carniv(jrc5:  the  wntcr-nrticulates  or  Worms  and  Crustaceans  to 
land-articulatc:4  or  Spiders  and  Insects. 

(2.)  Sf*eet'et  nf  n  tribe  btartHg  tome  of  ti*  ehameteriHit*  of  an  im/eHor  frtfa  er 
ehat  nre  iu/triur  ajH^icK,  ami  coHpenety. — Thus,  Amphibians  show  their  iafe> 
riority  to  True  Reptiles  in  the  younp  havinjj  pills  lil^c  Fij^he?:  the  early  Theco- 
dont Reptiles,  inferiority  to  the  later  in  having  biconcave  vertebrae,  lilcc  yishe^; 
tbo  Marsupials  and  Edentates,  inforioritj  to  other  Mammals  in  having  the 
sasnitt  eonsiottng  of  only  two  united  TertebrM,  aa  in  moat  Reftilaa.  On  the 
oeatrary,  the  Dinusaurs  show  their  su|>eriority  to  other  Saurians  in  having  the 
aaenutt  made  of  fire  (or  six)  vertehne,  as  in  the  higlMr  Mammals. 
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at  the  other ;  and  if  Firotophytes  or  any  Algfp,  and  Protoioaiis,  oom> 
menoed  in  the  later  part  of  the  Asoic  (which  is  shown  to  be  pro* 

(3.)  Aa  a  apeeiet  in  dnelopment  pn»ari  through  owrfttip^  ttaget  of  proffre«$, 
rtlatii  '  <ii  n<h  til  inferior  aptciet  may  oflm  be  drtrrmiufU  In)  romparing  their  atrvc- 
tmrtt  Ktth  theae  embrj/ouic  atagt*. — As  a  iiianjr -jointed  larve  without  any  di^tinc- 
tim  of  duwrns  and  abdomm  ii  the  young  state  of  an  Inioet,  tlionfore  My riapods 
or  Ceatipodeiy  whieh  havo  the  aamo  general  form,  ara  inferior  to  Inieeta.  Ai  a 
younf;  lirtng  Gar  h(i«  a  vertebrated  caudal  lohc  (making  an  accessory  upper 
lobe  to  the  tail),  which  it  loses  on  boci»inin<;  adult,  therefore  the  older  Ganoids 
with  vortebrated  tails  (or  beterucercal)  are  inferior  to  the  later  in  which  the 
tnBf  are  not  Tortobrated  (or  are  hoBoeeiml).  As  the  young  of  a  Frog  (a  tad- 
pole) has  the  tail  and  ferm  of  a  SaIaauadrisB»  fherefora  the  Salamandrlsns  in 
iaferior  to  Frogn.  An  the  number  of  segments  in  the  young  of  Insects  often 
exceeds  much  that  of  the  adult,  therefore  ^peoiosof  ndult  animals  in  which  there 
is  an  excessive  number  of  segments  (l>cyond  the  typical  number)  have  in  this  a 
■aril  of  inferiority ;  and  thai  the  Phy  Uopodt  and  Triloliltee  among  Cmstaoeaas 
beer  marks  of  inferiority,  the  typlMl  number  of  eegmente  in  the  abdomsn  of  a 
Crustacean  being  hut  seven, and  in  the  whole  body  twenty-one, — each  pairof  mem* 
bers  corrc.Hjiondin;;  to  nne,  commencing  with  the  eyes  af  the  anterior. 

Professor  Agassis  has  brought  out  and  illustrated  in  bis  writings  each  of  the 
eboTo  Criteria. 

(4.)  Specie*  having  ihe  largett  number  of  diatiuct  aegmenU  in  the  potUriot  pari 
nf  fhe  bfufif.  nr  hnrliig  the  bmh/  fniitti  riurfi/  prnlntigeti,  are  the  iiifrrlnr  among  thnne 
nndct  nut/  ti/jn. — .Shrimps  iind  Lobsters  arc  thus  inferior  to  Crabs;  Centipedes,  to 
Insects ;  Salamandrians,  or  tailed  Batraohians,  to  the  Frogs  or  tailless  Batra- 
ehiaas;  Snakei,  to  Liiardi;  tbe  Oaaolds  with  Tortobnted  tails,  to  those  with 
non-rertebrated.  It  does  not  follow  on  thi^(  principle  that  Frogs,  althoaght^- 
less,  are  superior  to  I/izard-* ;  fur  fliey  nre  of  different  types  of  strupture. 

(3.)  Sjteciea  haviug  the  antrriur  jmrt  of  ihf  hfuitf  moat  compneted  or  condeuaed  in 
mrmngrmemtf  or  having  the  Inrgeat  part  of  the  Itodtf  cmUributing  to  tkefunctioM  <^ 
«le  kend-^jiartmiiyf  are  Iht  mperior,  oAtr  AiMff  Mng  equal, — ^ThttS,  Kan  stands 
at  the  head  of  all  VertcbrntcH  in  having  only  the  posterior  limbs  required  for 
locomnt'ion,  ihe  niitri  iDr  h<irinij  hiijher  naea  ;  and  iilsto  in  having  the  head  most 
compacted  in  structure  and  brought  into  the  least  compass  consistent  with  the 
amoont  of  brain.  In  the  aame  manner,  tbe  CamiToves  among  the  large  Mam* 
male  ( M^asthenes)  are  snporlor  to  the  HerblTores,  the  anterior  limbs  not  having 
locomotion  as  their  sole  ase,  and  the  head  being  more  compacted  and  con- 
densed for  the  sire  of  brain.  The  highest  Crabs,  the  Triangular  or  Maioids,  are 
superior  in  the  aame  manner  to  the  lower,  and  far  more  to  the  Lobster  tribe  and 
other  Maerourana ;  deseending  in  grade  from  the  higher  Craba,  the  outer  month* 
vrgaas  beeome  more  and  more  separated  from  the  month,  and  finally,  in  many 
MaeroanUMt they  have  the  form  of  feet,  thus  passing  from  the  beml-serie-'  to  the 
foot-feries.  Tn-oet^  nre  on  this  principle  superior  as  a  class  to  Crustaceans, 
although  ot  su  much  less  sixe. 

Coadensatioa  anteriorly  and  abbrerlaUon  posterioriy  is  the  law  of  all  pro* 
gross  In  embiyonle  dsv elopment,  and  also  of  lolatire  rank  amoag  ^eeies  of  rs* 
latad  groups. 
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babld  on  p.  147),  the  begiiuung  of  the  series  is  even  below  tibe  tjpes 

of  Molluslcs  and  Trilobites.  (2.)  Fishes  preceded  Reptiles;  Bep- 
tiles,  Mammak;  brute  Mammals,  Man.  (3.)  Articulates  commenoe 

with  the  inferior  marine  species,  Worms  and  Crustaceans:  they  rise 
in  the  Oarl^onifprous  ago  to  Insocts,  the  superior  class:  and  later  to 
the  highest  Insects,  the  Hynienoptera  (the  tribe  containing  tlie 
Bee).  (4.)  Crustaceans  are  first  represented  by  Entomostracans,  as 
Trilobites ;  then  by  the  Shrimp  and  Lobster  tribes,  in  the  Carboni- 
fsrous  end  Reptilian  ages ;  then  true  GMm,  in  the  later  Beptilian 
and  Mammalian  ages ;  and  finally  the  highest  division  of  Oabs 
(the  Usaoid,  or  Tiriangular)»  in  the  age  of  Han. 

2.  A  type  not  imHiuted  tuua&f  by  the  introduction  of  its  lowest  gptcifs,  or 
(Inrlopi  d  by  the  appearance  of  species  in  the  order  of  grade. — (1.)  Snakes, 
whih"  inferior  to  Turtles.  Saurians.  and  Lacertians.  are  not  known 
as  fossils  until  the  Tertiary.  (2.)  Edentates  are  not  known  until 
ftftt'r  the  Pachyderms  and  Carnivores  of  the  early  Tertiary.  (3.) 
Mosses  and  Lichens  appear  long  after  the  great  Acrogens  of  the 
Oarboniferous  Age.  (4.)  (Ganoids  and  Selaohiaas  are  not  the  loirest 
of  fishes  in  rank.  (5.)  Trilobites  of  the  oldest  Silurian  are  not  the 
lowest  of  Crustaceans.  Baraaeles  rank  much  below  them,  and  yet 
are  not  known  until  the  middle  of  the  Reptilian  age. 

The  grand  scries  taken  as  a  whole  was  an  ascending  one,  but 
not  by  lineal  ascent  from  the  lowest  to  the  highest. 

The  culniination  of  (he  various  (jroups  of  spcc'u  s,  "/■  tJ-rir  time  nf  (jrra^'St 
t:rjHni.<iion,  not  conjinfd  to  any  one  pi  riod  in  gcoloyical  hisiory :  hut  each  group 
having  Us  own  special  tinier  some  pasMng  it  in  the  Palaozoic,  oi/urs  in  the 
Mestnok  «r  Onemie,  mtdpthennot  having  reached  U  btfcu  th4ag€^  Man, 
— ^Numerous  examples  of  this  general  truth  are  presented  in  the 
tables  on  pp.  400  and  572;  and  special  examples  are  also  mentioned 
on  pp.  399  and  496. 

The  culmination  of  a  type  Is  marked  in  the  culmination  or  great- 
est expansion  of  the  highest  group  under  the  type,  and  not  by  that 
of  all  the  groups  which  constitute  it.    See  p.  496  for  examples. 

The  Vcj;etablc  and  Anima)  kingdoms  hare  now  their  period."  of  culmination. 
But,  u.xcludiii;;  Man,  the  Animal  kingdom  passed  its  climax  in  the  Poet-t«rUai7i 
when  tbo  Carnivures  and  Herbivores  were  largest  and  most  nameroiu. 

Under  the  Animal  kingdom,  tlie  rab-kiagdom  of  MoUndct  oalminatod  ia  tks 
later  Mcsozoic,  when  Cephalopoda,  the  highest  groap^  |»aased  their  climax ;  that 
of  Articulntc)",  in  the  profont  era,  when  Insects  arc  most  dircrsified  and  most 
abundantly  represented  in  the  higher  groups;  that  of  Vertebrates,  exolosire  of 
Mao,  in  the  Pust-tertiary,  the  period  being  tlio  mom  as  for  the  Animal  kingdom 
so  a  whole,  tinoo  it  Is  tlm  highoit  of  the  rabdlriiloBa. 

Under  Articulates,  Inleol^  8pidit%aBd  also  OraitastSB^  hava  IMr  iralmiiiTt 
tioa  ia  tlia  preionfe  ora. 
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Under  Vertebrates,  Fishes  appear  to  have  culminati  d  in  tlio  Tertiary  period, 
when  the  highest  Sharkii  existed  and  were  in  groat  nuiubcrs;  Amphibians,  in 
(he  Triaasie  period ;  Tme  ReptOei^  at  the  dote  of  the  Jnruaio  or  eommeneinont 
of  the  Cretaeooos;  Blrdi^  ia  tho  pnwnt  on;  Mammalia  Han  ezdliided»  ia  tho 
PMUtertiaiy. 

4.  7%e  earUeH  Qpet  representing  a  group  often  comprekenMoe  fype»,-^ 
Comprehensive  types  have  been  explained  to  be  tiiose  whicli  om- 
brace,  along  with  the  characteristics  of  the  group  to  which  they 
belong,  others  of  another  group;  and  usually  at  thoir  first  appear- 
ance this  otlu-r  group  is  not  yet  in  existence.  Examples  are  men- 
tioned on  pp.  395,  500. 

'They  are  in  part  iniermetUate  tgpes  between  two  groups,  although 
never  occupying  the  middle  pointy  as  they  always  belong  fiinda- 
mentally  to  one  of  the  two.  Th^  are  often  more  normal  or  regular 
in  structure  than  later  species  of  tibe  class  or  group,  so  far  as  this  is 
consistent  with  the  above  law, — the  more  abnormal  or  less  typical 
Ibrms  being  of  later  origin.  The  earliest  Mammals  included  Mar- 
supials, in  accordance  with  the  first  law, — species  which  have,  along 
with  the  Mammalian  structure,  some  of  the  characteristics  of  liirds 
an<l  Reptiles,  and  which  were  therefore  fit  inhabitants  of  the  Ke|>- 
tilian  age.  With  them  there  api)ear  to  have  been  species  of  In- 
sectivores,  one  of  tho  more  typical  groups  among  the  Microsthenes 
(p.  423),  and  none  of  Uie  inferior  abnormal  Edentates.  In  the 
Mammalian  age  the  earliest  species  were  certain  peculiarly  typical 
Pachyderms  and  Csmivores  (p.  527).  The  low  Edentates,  or  Sloth 
tribe,  appeared  at  a  still  later  epo«^.  Two  grand  facts  connected 
with  comprehensive  types  are,  hence,  their  partly  inferm^UaU  posi- 
tion, and  their  comparatively  normal  or  regular  structure. 

The  idea  of  eomprehenttee  types  was  first  recognized  by  Agassii  in  the  Ganoid 
fishes.  It  WOB  afterwards  brought  out  by  Owen  in  an  article  on  tho  Lahyrin- 
thodont  Reptiles ;  and  also  by  Brunn.  Agassiz,  as  stated  on  p.  20.1,  has  called 
them  tjfuikHic  typea.  Bronn  named  them  complex  types  (Cumplications- 
Typea),  an  obJoettoBsblo  naac^  sa  th^  an  not  oomplez,  bat^  on  tho  oon- 
trary,  often  in  thsir  voiy  aateio  abator  fhsa  tho  Istor  fro«iM  whleb  wore 
foreshadowed. 

5.  The  earliest  types,  as  shown  In/  Agassiz^  sometimea  ham^  certain 
characteristics  which  nwyhr  styled cmhr if onic,  being  such  as  are  presented 
l»v  embryos  or  yning  individuals  of  tlic  tribe  at  the  j)re<<>nt  time. 
This  principle  flows  out  of  the  general  truth  that  tli«'ie  is  a  degree 
of  parallelism  between  the  grades  of  s[)ecies  in  a  group  and  the 
successive  stages  in  the  embryonic  development  of  an  individual 
animal  in  that  group.  Thus,  the  eerly  Gadoids  had  a  cartilagi^ 
now  Tertebral  column  like  the  yonmg  of  modem  Gars,  and  the 
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central  part  of  the  spinal  cord  (notochord)  remains  persistent; 
they  have  also  a  vertebrated  toil,  like  young  Gars,  as  observed  by 
Agassis* 

6.  Tht  ^i>edeM  under  the  eetrfy  cotf^pfehenawe  typee  nof  fA«  kweel  qttdn 
i^tke  gmtp  repreaented, — This  follows  from  the  proposition  on  p.  583. 

7.  In  the  Jirst  appearance  of  agfwp  {ax  that  of  VcrlehraUit,  or  that<^ 
MqttiU*,)  the  tpecies  are  f^ten  from  near  the  junction  of  its  inf trior  and  supe- 
rior guhdiviaions, — species  from  (he  mkldle  or  upper  portion  of  the  infmr 
either  oeeurring  a^onr,  or  else  ivs.suciuted  with  others  from  the  middle  or  lo>rer 
jjortion  of  the  superior.  The  former  fref/uentl^  j>ertain  to  a  compreherunie 
ij/pe,  which  is  intcrtnvdiutc  between  tlie  two  suUiuusions,  though  helonginif 
usually  to  the  inferior:  mmeSmee  ^ere  If  more  ^on  ene  camprehauive  type^ 
aeinthe  caee  ^  Umd-ptanlU. — This  principle  is  announced  and  brielty 
illustrated  on  page  396. 

A  mora  ajsteinatie  azhibitioii  of  the  prinelftlo  is  bors  glvoa. 

The  following  arc  the  two  grand  subdivisions  in  !*utnc  of  the  bighor  groups  in 
Nature, — the  first  mentioned  hcing  the  iiifniur,  the  other  the  »nf>rri>>r.  The 
latter  is  also  the  more  typical  group,  or  that  in  which  the  idea  of  the  type  is 
moro  folly  raproMntod:— 

a.  Li/k  in  geturaL-^L)  YegoUble  klngdoni;  (2.)  Animal  kingdom. 

b.  Vi'/i  taUe  kingdom^ — (I.)  Ciyptogams,  or  floweiloM  plants;  (S.)  Pb»BO* 
gams,  or  flowering  plants. 

c.  Animal  kitiydom. — (1.)  The  flower-like  type,  including  lludiutes;  (2.)  the 
tme  Animal  type,  or  oepballiod  spoeies,  Chat  ii»  thoso  havlag  a  bond  (or  aati- 
rior  and  poilstior  polarity  with  bUataral  iiymmotiy))  inelnding  Mollndcs,  Aiti* 
ealates,  and  Vertebrates. 

rf.  Snb-kingdnm  of  }ft>lln»l:i. — (1.)  The  flower-liko  type,  including  the  r.ry.>- 
soans,  closely  like  Qowers,  the  Brachiopodj»,  which  also  in  general  were  attache*! 
bolow  by  stoms  or  pedlod%  and  Asoidiaas,  also,  ofUn  attaehod  and  msny 
radiated  exteriorly ;  (2.)  tbo  trno  MaUttsoaa  tjp^  inelnding  Aeephala,  CStftba- 
lates,  and  Cephalopoda. 

c.  Siih'kitiijdom  of  Vrrtehratrn. — (1.)  Wflter-vertcbrate?,  including  Fiahefl{  (&) 
Land-vertebrates,  including  Reptiles,  Birds,  and  MummaU. 
/.  CVoM  of  ChMtaeeoNt. — (1.)  Bntomostraeans ;  (2.)  Malaeoetraeana. 

g.  Claia  of  Jtrptilea. — (1.)  Amphibians;  (2.)  True  Reptiles  (p.  344). 

h.  ClifH  of  Mammnl».—(\.)  Marsu|»ialSy  or  8«ni-oviparaas ;  (2.)  Ho&-manB« 
pials,  or  typical  Mammals  (p.  42.^). 

1  1.  Life  in  oemeral. — In  the  inferior  subdirision  the  earliest  species  of  life 
were  probably  the  Protophiftet, — these  and  other  Algas  commencing  in  the  later 
Asoto.  They  have  tbo  loeomotive  powers  of  animals,  and  may  thofeflwo  ke 
regarded  as  nn  example  of  one  of  the  comprehensive  types,  and  the  frtt.  The 
Protozoans  (Rhizopods,  etc.)  may  hiive  been  the  n*Mnr{at,ft  species  of  tho  tHprriar 
group,  as  remarked  on  page  147.  The  two  are  alike  in  extreme  simplicity  of 
organisation.  In  Algao  the  Radiate  type  of  struotare,  oharaoteristie  of  the  typi- 
oal  plant,  is  not  broaght  o«t;  and  in  Frotosoaas  neithar  of  ttie  Ibnr  grast 
Animal  typos  appaat^— Ibo  Radfatts^  Mollnseaa,  Artienlato^  or  Vactebntek 
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If,  therefore,  the-e  ?implc  !«pop1es  existed  in  the  Azoic  cm,  they  were  system- 
less  lite,  and  only  foreshadowed  the  grout  systems  of  life  which  were  after- 
wards displayed  according  to  their  respective  types  in  the  true  Zoic  ages. 

2.  Kingdoms. — in.)  Vryrtnljlr. — The  earliest  Land-plants  included  Acrogena 
•r  thti  superior  Cryptogam<»,  and  Conifers  or  the  inferior  Pbaenogams ;  and 
among  them  there  were  the  intermediete  eompreheBeive  types  of  Lepidoden- 
dridi,  Calamitcs,  and  Sigillarids.    6eo  p.  2S3. 

Aiti'mnl, — Among  the  earliest  nf  Animals  in  the  Primordial  there  were  the 
Cyi<tidii  (Crinoids).  These  belong  to  the  Kchinuderms,  which  make  the  upper  por- 
tioo  of  the  inferior  subdivision  of  animals ;  and  they  are  A  eomprehensire  type 
between  Radiatee  and  MoUnska  (the  lower  portion  of  the  M^rjer  enbdiviaion). 
Some  early  kinds  have  almost  the  some  absence  of  symmetiy  in  tiie  body  that 
belongs  to  Mollusk?,  and  are  fiirnisihcd  with  only  two  arm«.  The  nuavdaUd 
tuptrior  species  were  Moiluska  aud  Articulates;  and  the  earliest  Mollusks,  the 
Lingula>i  and  others  among  Braehiopoda,  stood  on  a  item  like  the  Cystids,  and 
had  also  two  amu* 

3.  SuB-EnaooMS.— (ff.)  Mollutk*. — The  MoUosks  of  the  earliest  or  Primordial 
period  were  from  the  higher  gronp  of  the  iu/erior  division,  that  is,  the  Braehlo> 

pod.-«.  The  attociated  miperior  .•^poeics  comprised  Cophalates  boforo  Aoephals,— 
tliai  is,  the  middle  before  the  inj'i  rior  f^roup. 

(6.)  Vrrltbrntea. — The  earliest  Wrttdirates  were  of  the  inferior  subdivision, 
or  that  of  Fishes,  and  from  its  upper  portion, — that  is,  the  orders  of  Ganoids 
and  Selaehians.  The  Ganoids  were  a  eompreliensive  type  foresl»adowing 
the  lower  group  of  the  miprnOr  division  of  Vertebrates, — that  is,  Reptiles 
(p.  302),  which  group  did  not  make  Us  appearance  until  the  close  of  another 
age. 

4.  Classes. — (n.)  Gymmmpcntm  in  thr  Yr(;rtnhlr  hiii^/iioiii. — The  group  of  Cy- 
cads  is  one  of  the  most  marked  of  comprehensive  types,  as  explained  un 
page  41B, 

(6.)  OiMlaeeaiM^The  earliest  Crastaceans,  commencing  even  in  the  lowest 

Primordial,  were  Trilohite^,  rnnkin?  with  the  hij^hest  of  Entomostrncans,  or 
the  inferior  Kubdivision,  or  even  above  their  true  level.  They  constitute  a  com- 
prehensive type,  foreshadowing  the  Tetradecapods,  which  are  not  known  to 
have  appeared  before  the  Carboniferous  age  (p.  375).  There  was  also  anotlier 
comprehensive  typo  in  the  same  early  strata,  the  Phyllopods,  foreshadowing 
the  still  higher  division  of  Deoapods,  which  appeared  under  the  form  of  Macron- 
rans  at  the  same  time. 

(c.)  IhptUcM. — Among  the  earliest  Reptiles  in  the  Carboniferous  age  there 
wera  flM  Labyrinthodonts,— the  highest  of  the  iu/erior  division,  a  comprehenstTO 
^ype  having  many  characteristics  of  true  Reptiles  (p.  345).  The  tatociaied 
specie!*  were  other  Amphil>inns;  also  spooirs  of  the  lower  groups  of  the 
»uj>rrior  division, — that  is,  the  lower  Lacertians  and  Swimming  Saurians 
(p. 

{A)  M9mmah,-^Th»  earliest  Manuals  were  If  aranpials  of  the  Af/ert'or  sub- 
division, and  Inseotivores  of  the  siifiertor/  and  the  order  of  Inseetivona  is  a 
^ieal  one  among  the  lower  sigMrfer.  8es^  farther,  Appendix  F. 
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8.  CmprehenMwe  tjfpts  generally  becoming  nearly  or  quUe  i^Obut  m  (Aa 
course  of  future  progress. — See  page  31)7  for  Ulust  rat  ions. 

9.  ^'/hVv  '»  (li^  snrres.mY  Floras  and  Faunas  of'  the  aaes. — The  unitv 
or  harmonic cliaracter  of  tlie  Flora  of  tlie  Carboniferous  age,  and 
the  dr])cMi<.loju  *' of  this  unity  on  tlie  prim  iple  just  exj>laine<l.  i-«  tlie 
subject  of  remark  on  pa|;e  3110.  It  ia  u  marked  feature  of  each  of 
the  ages. 

If  the  riew  of  the  Asoio  age  given  on  page  696  is  right,  this  unity  wai 
atriklBflj  iMvught  rat  in  the  first  ex|nweloii  of  lift.  In  tbe  PrinordiAl  life  this 
naitj  ii  equally  lanrkcd.  There  were  Breeliiopode  on  ftema,  anoeinted  with  the 
unsymmctricnl  Cy.Mtid}*,  also  on  stem?,  and  more  flowpr-like  ; — and.  with  thr«e 
sedentary  species,  the  Trilobite,  nearly  as  sedentary  in  habit, — fur  it  seems  to 
have  clung  to  any  supporting  rarfeee,  like  a  limpet,  though  capable  of  swimmiog 
off  or  erewling  over  the  lee-botton.  The  Oesteropods,  Pteropod^  mnd  PhjUe> 
pode  were  tbe  more  eetire  species.  A  little  later,  before  the  clo«c  of  the  Pii> 
mordial  period,  there  were  bivalve  Crustacciui'*  in  harmony  with  the  Mvalve 
Brachiupuds.  There  was  also  a  new  type,  indicating  progress,  in  the  large  and 
active  Cephalopods,  the  Orthooerata,  ete. 

Tbe  MUM  general  featuee  oontinued  to  ehwaeteriie  the  Lower  and  Vppv 
Silurian,  0DI7  with  additions  to  the  fiower-like  animals  in  CoruL^.  Crinoid^ 
and  Bryozoans,  and  an  increase  in  the  divercity  of  BrachiojtoJs  and  Tri!'>- 
hites.  Tbe  unity  also  appears  in  tbe  simplicity  of  structure  of  tbe  several  typei. 

la  the  Mesosoio  Faona  there  was  also  a  woaderftil  harmony*  as  expluBsd 
on  page  ML  In  the  Mesosoie  Flora  tliere  was  a  naitj  as  striluag  as  in 
the  Carboniferous.  Coniform,  Trcc-rcrns,  and  Cycads  made  up  the  bulk  of 
th«  tret?,  and  the  Innt  type,  while  fundnmentuUy  related  to  the  Conifer*, 
partook  somewhat  of  the  character  of  tbe  Tree-fern  in  its  mode  of  growth. 
At  the  same  thne,  this  eomprebensiTo  type  liad  some  eliaraeteristies  of  tbe 
palm, — the  type  it  foreshadowed,  and  which,  before  tbe  olose  of  the  Mesoioie^ 
was  already  in  the  forests  along  with  the  highest  ^rpo  of  plants,  the  Am- 
giosporms. 

10.  Progress  always  an  unfolding  of  a  fype  or  an  exhibition  of  it  in  its 
possible  dwersities,  and  involving  the  introduction  of  inferior  u  -  ll  as  sup^- 
rior  sperir.s. — It  has  been  already  shown  that  the  progr»'ss  was  not  a 
lineal  upward  progress.  Tlie  facta  with  regard  to  coni]>relionsive 
types  and  the  aasociated  species  throw  this  principle  into  a  strong 
light;  for  these  species  occupy  nodal  points,  aa  they  may  be  called, 
or  points  of  divarication,  &r  remote  in  most  cases  firom  the  lowest 
species  of  a  group. 

The  progress  was  not  necessarily  attended  with  much  rise  in 
grade.  Tlie  earliest  fishes  are  of  the  highest  orders  in  that  chxss. 
Those  orders  undtTtio  some  little  elevation  in  after-time:  but  in  the 
inti oduction  of  tin-  i't-iiosts,  or  common  fishes,  in  which  tin*  jrrcu 
expansion  ultimately  takes  pUcc,  there  in  a  fall  below  the  level  of 
the  early  orders. 
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In  all  ciMS,  hovrever,  there  was  en  unfolding  of  a  type,— an  exhi* 
bition  €i  it  thioagh  the  miccessiTe  appearance  of  new  groups,  in  which 
groape  chaiaoteristios  before  only  foreshadowed,  or  existing  only  in 
potentiality,  come  out  into  ftill  expression.  The  early  general  or  com- 

pr^JuMisivo  type  thus  becomes  in  a  sense  specialized,  or  represented 
ill  nuiiibt'i's  of  spocial  frroups.  In  the  case  of  Fislios,  tlio  typo,  whon 
the  r*-Iiosts  ajipearod,  oauio  forth  in  its  j»iirity,  <h'})iiv»'«l  of  the 
Reptilian  features  of  the  Ganoiils  (marked  in  tiieir  vertobne,  teetii, 
air-bladder,  and  other  parts)  and  developed  in  those  points  which 
make  ap  the  true  Fish.  Moreover,  the  Ffeh-type  was  at  the  same 
time  represented  under  a  diversity  of  tribes,  and  an  extraordinary 
varied  of  shapes,  normal  and  abnormal,  high  and  low  (some  almost 
of  the  low  grade  of  a  Polyp),  which  was  in  great  rontrai«t  with  the 
uniformity  of  structure  and  limited  variation  of  form  in  the  Ga- 
noids. Nature  thus  revels  in  exuberance  when  displaying  a  type 
after  its  true  level  is  attained. 

In  this  kind  of  progress  there  is  naturally  expansion  towards 
inferior  as  well  as  superior  grades  :  it  is  not  out  of  harmony  with 
the  system  that  Echinoderms  should  have  existed  before  Polyps, 
T^ee-fems  and  Lepidodendrids  before  Mosses,  Laoertians  and 
Crocodiles  before  Snakes,  or  Herbivores  and  Ctonivores  before 
Sloths. 

When  a  typo  had  passo<l  its  culmination,  there  was  somotimos  a 
vory  marked  deelino  in  the  eliaraeter  of  the  species  t^uil  prero<l«'d  ^s 
final  <'Xtineti<»n.  Examples  of  this  have  been  referred  to  in  the 
last  of  tin-  Lrpffrnrr  that  occurrefl  in  the  Mesn/rne  (p.  4.'i<>).  and  the 
multiplication  of  uncoiled  forms  of  the  Amnionito  family  which 
took  place  in  the  Oetaoeous  (p.  472). 

Thia  law  of  specialisation — ^the  general  before  the  special— is  the 
law  of  all  development.  The  egg  is  at  firstanmple  unit;  and, 
gradually,  part  after  partof  the  new  structure  is  evolved,  thatwhioh 
is  most  fundamental  appearing  earliest,  until  the  being  is  complete 
in  all  its  outer  and  minor  <letails.  The  principle  is  exhibited  in  the 
phy<i«'al  history  of  the  globe. — which  wjis  first  a  featureless  globe  of 
fire,  then  liad  its  oceans  and  dry  land,  in  course  of  time  r«'ceived 
niumitams  and  rivers,  and  finally  all  those  diversities  of  surface 
which  now  characterise  it.  Again,  the  climated  began  with  uni- 
versal tropics;  gradually,  sones  were  apparent;  and  at  last  the 
diveraity  of  the  present  day. 

But  there  is  a  wide  distinction  in  the  kind  of  specialization  whioh 
starts  from  a  simple  unit  like  an  egg,  and  that  proceeding  from  com- 
prehensive tyi>es  among  plants  and  animals.  The  one  is  diversity 
out  of  membcrlctttt  simplicity ;  the  other,  diversity  from  a  unit  of 
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complex  straotare.  The  latter  it  simply  an  exhibition  of  the  geae* 
lal  law  of  sucoeanon  in  the  oreationB  by  which  the  system  of  li£i 
leeched  its  completion. 

2.  Relation  of  tu£  History  of  Life  to  the  Physical  History  or  tue 

Ulobb. 

1.  Tfic  plan  of  progrut  was  determined  with  reference  to  the  lad  oge^  wik 
all  iu  diversities  <^  c&maie,  eontinenltU  surfaeu  and  peeoMS,  as  its  era  ^ 

fulUit  exhibition. 

2.  The  proffre.i.s  in  climate  ami  other  ronditioris  involved  a  etmcurrenf  pro- 
gress from  tfw  iufcrior  living  specus  to  the  superior. — The  existence  of  a 
long  marine  era,  through  the  Silurian  and  part  of  the  Devonian 
ages,  admitted  only  of  the  existence  of  marine  life.  Henee  tlie 
dominant  type  of  the  Silurian  was  the  KoUuscan,  which,  with  the 
Radiate,  is  eminently  marine.  In  addition,  there  were  marine  Arti* 
culatea  and  marine  plants:  and  ^v]l^n  th^-  Vn  tcl.rates  began  it  was 
with  marine  species,  the  Fishes.  Thus  the  prev;denoo  of  waters 
involvofl  inforinrity  of  species.  The  in(  rea.se  of  hind,  gnuhuil  i)urifi- 
catiun  oi'  the  atin<>s]»herc,  and  cooling  of  the  globe,  prepared  the  way 
for  the  higher  speeit-s. 

It  is  prohable  that  the  oceanic  waters  were  also  in  an  impure 
c<ynpared  with  the  present,  from  containing  an  excess  of  salts  of 
lime ;  and  this  also  involved  the  existing  of  inferior  species,— sadi  ' 
as  Crinoids,  Corals,  and  HoUusks,  a  very  large  proportion  of  wboM 
weight  is  in  calcareous  material.  Tlie  removal  of  this  exce<^of 
lime  firom  the  waters  produced  limestone  strata,  purified  the 
waters,  and  fitted  the  oceans  for  ottier  species. 

Ths  gfMt  prevalence,  in  tho  Primordial,  of  Lingule  (whowthsUa  cootaiaa 

lar^c  amount  of  phosphate  of  lime)  is  further  evidence  of  the  greater  deaaUf 
of  the  wuti-rs,  and  seems  to  indicate  the  presence  of  an  excess  of  phosphates. 

3.  Till'  pni'/rrs-s  >»  rf,inat>'  and  in  the  /•nrnlifinn  of  (he  atmosphere  and  tcaters 
invo/vtd  a  lornUzatirm  aj  (nfjt\s  in  t>nit\  or  rhronographicalli/.  juM  as  (hey  art 
now  localized  hy  e/inutte  ovrr  thr  ear(h's  surfaee,  or  geographically. — Tribe* 
were  made  for  a  special  climate  or  condition  of  the  globe ;  and  when 
this  climate  or  condition  had  been  passed  in  the  earth's  progress, 
the  tribes  no  longer  existed.  The  culminatioii  of  the  Reptilisa 
and  MoUuscan  types  in  the  Reptilian  age,  or  of  Trilobitss  sod 
Brachiopods  in  Falaozoic  time,  are  examples.  The  former  when  in- 
stituted had  thof«e  special  relations  to  climate  that  mode  the  Repti- 
lian age  thi*  era  of  their  culmination  ;  just  as  now  palms  and  bananas 
reach  their  perfection  only  in  the  equatorial  sone;  figi  in  the 
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tropical ;  myrtles  and  laurels,  in  the  sub-tropical ;  overgreen  troos, 
in  the  warm-temperate ;  ordinary  deciduous  trees,  in  the  cold-tem- 
perate; and  pines,  in  the  mib-arctic.  As  there  are  now  these  lones 
on  going  from  the  equator  to  the  poles,  so  there  were  suocessive  eras 
passed  over  from  the  Silurian— the  period  of  universal  warm  tempo* 
rature — to  the  prci^ent  age  of  a  frigid  arctic,  and  a  in<>an  temperature 
of  r>S**  to  ()0°  F.  Climate  may  not  have  been  the  only  cause;  but  it 
was  nn(\  and  of  great  importance.  The  Crustacean  type  is  one  of 
those  wliioli  have  culminated  in  the  a^j;e  of  Man:  and  this  accords 
with  the  fact  that  its  highest  species — the  Maioids,  or  Triangular 
Crabs — are  now  most  numerous  and  of  the  highest  rank  in  the 
eolder  temperate  xone.  It  was  made  to  reach  its  maximum  in  a 
cold  climate,  and  therefore  in  the  existing  age.  . 

No  species  survived  through  all  time,  and  few  through  two  suo- 
oessive  periods.  The  oldest  now  existing  began  in  the  Middle  Ter- 
tiary, and  these  were  only  Invertebrates.  The  oldest  quadruped 
datos  no  farther  back  than  the  Post-tci  tiary. 

But  two  genera  range  through  the  whole  series  of  ages  from  tho 
first  or  Potsdam  «'poeli, — LtiKjula  and  Di.saua, — enough  to  nianitest 
the  oneness  of  system  from  the  beginning.  There  was  in  general  a 
changing  of  genera  with  the  successive  periods.  Even  tribu  wholly 
disappeared  from  age  to  age,  as  the  world  outgrew  th^.  Of  Trilo- 
bites,  500  species  once  lived,  of  the  Ammonite  group,  900  species, 
all  of  which  are  extinct;  the  Nautilus  tribe,  450 ;  three  or  four  spe- 
cnes  are  all  that  exist.  Of  Ganoid  fishes,  700  species  have  been  dis- 
covered ;  the  tribe  is  now  nearly  extinct.  Thus,  the  old  has  passed 
away'  ji-s  the  new  has  come  in.  Heniaiiis  of  nearly  10.000  animal 
species  have  been  gathered  from  the  rocks,  all  ol'  which  are  ex- 
tinct ;  and,  considering  how  few  of  the  whole  number  would  have 
become  fossiliaed,  this  can  hardly  be  one-tenth  of  the  number  that 
have  existed  and  are  gone.  2500  extinct  species  of  plants  have 
been  found, — ^which  cannot  be  over  »  twentieth  of  all  that  have 
cf>vcred  the  earth  in  its  former  ages. 

4.  The  exterminaiion  of  .tpecieM  wu  in  general  due  to  endatlnphei,  tohUe 
the  cxtinrf  'ton  of  tribes  or  higher  groups  ma>/  hm-r  hren  a  ronsequenee  of  secu' 
for  rfuinges  in  the  condition  of  the  rfintatr,  atmosphere,  or  iixiters. — The  ex- 
tei  iiiination  of  species  here  alhuled  to.  and  some  of  the  kinds  of 
cata-strophes  which  caused  them,  are  briefly  considered  on  p.  oU8. 

6.  With  regard  to  the  OriginaAom  of  Spedea^  Geology  suggests  no 
theory  <tf  natural  forces.  It  is  right  for  science  to  search  out  Ni^ 
tare's  methods,  and  strive  to  employ  her  forces— organic  or  inor- 
gaaic — ^in  Uie  eflRnpt,  vain  though  it  prove,  to  derive  thence  new 
Ihring  species.  The  study  of  fossils  hss  given  no  aid  in*this  direo- 


Digitized  by  Google 


602  HISTORICAL  QSOLOQY. 

tion.  It  has  brought  to  light  no  fact^  sustaining  a  theory  thai 
■  derives  species  from  others,  either  by  a  system  of  evolution,  or  fay  a 
system  of  variations  of  living  individuals,  and  bears  strongly  against 
both  hjrpotheses.  There  are  no  lineal  series  through  creation  co^ 
responding  to  such  methods  of  development.  Instoad  of  gradsp 
tions  from  Mollusks  or  Articulates  to  the  lower  Fishes,  and  so  on 
n]»war«l,  the  Fisli-type  eoinm«'uoc?*  near  its  summit-level,  or  rather 
between  tht'  h  vd  of  the  tY|iirai  fish  and  that  of  a  higher  class  of 
Vertebrates.  Were  either  of  these  plans  the  systeni  in  natui»s 
examples  of  the  blending  of  species  would  be  common  through  all 
the  classes,  high  and  low ;  «nd  North  America  would  afford  them 
as  Bttcoessive  stages  between  the  old  Elephant  or  Mastodon  and 
earlier  species,  and  so  tinoughout  the  various  tribes  of  life,  animsl 
and  vegetable.  But,  in  fact,  appearances  suggesting  the  idea  of 
such  shadings  among  species  are  exceedingly  rare, — wonderfully  so, 
considering  that  Paheontology  has  only  the  imperfect  stony  secre- 
tions of  animals  to  study  out.  whicli  sometimes  afford  insufficient 
distinctions  even  wlien  perfect  and  from  living  sjiecies.  Under 
any  scheme  of  dev«'Io])ment  of  species  from  species,  the  system  of 
life,  after  ages  of  progi  ess,  would  have  become  a  blended  nuus, 
— the  temple  of  nature  Aised  over  its  surftce  and  throughout  its 
structure.  The  study  of  the  past  has  opened  to  view  no  such 
result. 

Geology  appears  to  bring  us  directly  before  the  Creator:  and, 
while  openinir  to  us  the  methods  through  which  tlie  forces  of  na- 
ture have  aceoinplisherl  His  })urpose, — while  j>roving  that  there  has 
been  a  ]>l;in  gloi  iouts  in  its  selicme  and  j)erfect  in  system.  |nui'rf-;s- 
ing  through  unmeasured  ages  and  looking  over  toward.s  Man  and 
a  spiritual  end,—- it  leads  to  no  otiier  solution  of  the  great  problem 
of  creation,  whether  of  kinds  of  matter  or  of  species  of  life^  than 
this:— 

Divs  racnr. 
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PART  IV. 

DYNAMICAL  GEOLOGY. 


Dtn  AMK  AL  Geologt  treatfl  of  the  causes  of  events  in  the  earth's 
geological  progress. 

These  events  include — the  formation  of  all  rocks,  stratified  aud 
imatrstifiecl,  with  wbaterer  they  oontain,  from  fho  etfHwt  Aioio  to 
the  modern  beds  of  gravel,  sand,  olaya»  and  lavas ;  the  osdllations 
of  the  earth's  crost;  the  increase  of  dry  land,  elevation  of  moun- 
tains, and  elimination  of  the  surface-features  of  the  globe;  tiie 
dianges  of  climate ;  the  changes  of  life. 

Tho  pauses  or  ngoncies,  exclusive  of  life,  that  have  been  engaged 
hav«'  act«'d  for  the  most  i)art  throu^'li  the  atmosphere,  waters,  and 
rock-material.  But  they  are  bused  necest«uily  on  the  general 
powers  of  Nature, — Heat,  Light,  Electricity,  and  Attraction.  These 
fundamental  povren  have  their  universal  laws,~«8  the  law  of 
gravitation,  according  to  which  &lling  bodies  move;  the  laws  of 
chemical  attraction,  according  to  which  compounds  Me  formed 
and  decompositions  take  place  :  the  laws  of  cohesion  or  crystallisa- 
tion, according  to  which  solidification  produces  crystals,  or  a  crys- 
talline structure:  the  laws  of  lient,  as  regards  conduction,  expan- 
sion, etc.,  and  the  influence  of  heat  on  chemical  changes  and 
growth  :  the  laws  of  light,  as  to  it.s  nature,  and  its  action  in  chemi- 
cal changes  and  growth,  etc. ;  the  laws  of  electricity  and  mag- 
netism: all  of  which  the  geologist  cannot  understand  too  well. 
But  the  discussion  of  these  topics  belongs  properly  to  a  treatise  on 
Physics.  The  laws  of  solidification  are,  however,  briefly  considered 
in  this  place,  on  account  of  their  bearing  on  the  structure  of  rocks. 

In  addition  to  the  general  operation  of  forces,  there  are  other 
actions,  that  may  be  embraced  under  the  term  climatofoffical,  which 
prncf-ed  from  the  systematic  arrangement  and  movement  of  heat, 
light,  moisture,  and  electricity  about  the  sphere  (causing  zones  of 
temperature,  varieties  of  climate,  etc.),  and  also  from  the  systems 
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of  atmospherie  and  ooflMiio  droolation.  The  general  Ikets  on  tlieM 
topics  are  briefly  stated  on  pp.  39-48,  which  may  be  reviewed 
before  proceeding  with  the  following  pages.  In  tieatiMS  on  Physi- 
oal  Geography  those  subjects  may  be  studied  to  greater  length  by 

the  geological  student  with  much  advantage. 

The  8ul»jret  of  dynamics,  or  the  ciiuscs  or  arrenoios  in  geological 
history,  is  Iwri'  trciitcd  vindor  the  following  heads: — 

1.  Life  as  an  agent  in  protecting,  destroying,  and  making  rocks. 

2.  Ck)he8ive  attraction,  with  reference  especially  to  crystalliutioii 
and  the  concretionary  structure. 

3.  The  Atmosphere,  as  a  mechanical  agent. 

4.  Water,  as  a  mechanical  agent. 

5.  Heat,  as  an  agent  in  producing  volcanic  phenomena,  non-vol> 

canic  igneous  eruptions,  metamorphism,  veins,  etc. 

0.  Movements  in  the  earth's  crust,  and  their  consequences, 
including  the  plication  of  strata,  oriirin  of  mountains,  earthquakes, 
and  the  evolution  of  the  general  features  of  the  globe. 

7.  The  chemistry  of  rocks,  or  the  chemical  processes  concerned 
in  their  origin  and  metamorphism,  embracing  a  oonsideiaticn  of 
Life,  the  Atmosphere,  Water  and  Heat  as  chemical  agents.  This 
department  of  the  science  is  often  caUed  Chemical  Geidogy.  At 
its  proper  elucidation  would  require  a  large  amount  of  space,  and 
its  study  a  minute  knowledge  of  the  detaila  of  Chemiatry,  thesal^ 
jeot  is  not  taken  up  in  this  Manual. 

1.  UFB. 

1.  Pbotectiv£  Effects. 

The  protective  effects  of  life  come  almost  solely  from  ▼egetation. 

1.  Turf  protects  earthy  slopes  from  the  wearing  action  of  rilL< 
tliat  would  gully  out  a  hare  surface;  and  even  hard  rocks  receive 
protection  in  the  same  way. 

2.  Tufts  of  grass  and  other  plants  over  sand-hills,  as  on  sea-chores, 
bind  down  the  moving  sands. 

3.  Lines  of  vegetation  along  the  banks  of  streams  prevent  wsht 
during  fresheta.  When  the  vegetation  consiata  of  ahraba  or  trees* 
the  stems  and  trunka  entangle  and  detain  detritue  and  floating 
wood,  and  serve  to  increaae  the  height  of  the  margin  of  the 
stream. 

4.  Vegetation  on  the  borders  of  a  pond  or  bay  serves  in  a  similar 
manner  as  a  protection  against  the  feebler  wave-action.   In  many 
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trofrfeal  regions,  plants  growing  at  the  water'a  edge,  like  the  man- 
grore,  drop  new  roots  from  the  brancheB  into  the  shallow  water, 
whioh  act  like  a  thicket  of  bmsh-wood  to  retain  the  floating  leaves, 

stems  and  detritus;  and,  as  the  water  shallows,  other  roots  are 
dropped  farther  out,  which  are  attended  with  the  same  effect;  and 
thus  they  keep  moving  outward,  and  subserve  the  double  purpose 
of  protecting  and  iiiakinfr  land. 

5.  Patches  of  fort\st-trees  on  the  declivitioa  in  Alpine  valleys 
serve  to  turn  the  coui-kc  of  the  descending  avalanche,  and  entangle 
snows  that,  but  for  the  presence  of  the  trees,  would  only  add  to  its 
extent ;  and  in  the  Alps  such  groves,  wherever  existing,  are  viuaUy 
guarded  from  destruction  with  great  care. 

2.  Tbansportino  Effeots. 

1.  Seeds  are  often  caught  in  the  hair  or  fur  of  animals,  and  thus 
tnui8|>orted  from  place  to  place. 

2.  Seeds  are  eaten  by  aninuds  as  food,  or  in  connection  with  their 
Ibodt  which  sometimes  pass  out  undigested,  and  become  planted  in 
a  new  region ;  and,  in  the  case  of  birds  on  their  migration,  they 
may  be  carried  far  from  the  place  where  gathered. 

3.  Ova  of  fish,  reptiles,  and  inferior  animals  are  supposed  to  be 
transffrrtMl  from  one  region  to  another  hy  l)ird8  and  other  animals* 
Authenticated  instance,**  of  tins  are  wanting, 

4.  Snails  and  fresh-water  shells  are  often  tloated  oft*  on  logs  or 
floating  plants,  and  sometimes  are  carried  into  estuaries  or  the  sea, 
and  so  become  mingled  with  marine  shells. 

5.  Migrating  tribes  of  men  carry  in  their  grain,  or  otherwise,  the 
seeds  of  various  weeds,  and  also,  involuntarily,  rats,  mice,  cock- 
roaches, and  smaller  vermin.  The  origin  of  tribes  may  often  be 
inferred  from  the  species  of  plants  and  of  domesticated  and  Other 
Mw^irrtftU  found  to  have  accompanied  them. 

8.  DESTRUCnYE  EFrBOTS. 

The  destructive  effects  proceed  either  from  living  plants  or  ani- 
mals, or  from  the  products  of  decomposition. 

1.  The  roots  which  come  from  the  sprouting  of  a  seed  In  the  cre- 
vice of  a  rook,  as  they  increase  in  sise,  act  like  a  wedge  in  tending 
to  press  the  rock  apart ;  and,  when  the  roots  are  of  large  size, 
masses  tons  in  weight  may  be  torn  in  sunder;  and,  if  on  the  edge 
of  a  precipioe,  the  detached  blocks  may  be  pushed  off,  to  £sU  to  its 
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2S.  Boring  uiimalf,  like  the  MudoMrous  lC<dliisln»  make  bdlat  off 
the  riie  of  the  finger,  or  larger,  in  limestone  and  other  loeki  along 
•ome  son-shores.  Species  of  Saxicava,  Phofag,  QaMtroch(ma,  and  even 
some  SnailB,  BemeoleB,  and  £ohini,  have  thia  power  of  boring  into 

stone. 

Tho  Toif'do,  Torniites,  and  many  insects,  especially  in  the  lanrsl 
state,  bore  into  wood. 

3.  The  tunnelling  of  the  earth  made  by  small  quadrupeds,  as  the 
mole,  sometuites  reanlts  in  the  drsining  of  ponds,  and  the  cons^ 
qaent  ezosTation  of  gullies  or  gorges  by  the  outflowing  watera. 

4.  The  decay  of  Tegetation  about  rooks  often  prodnoea  oarbonio 
add  or  different  vegetable  aoida,  which  become  abaorbed  by  the 
moisture  of  the  soil,  and  thus  penetrate  the  crevices  of  rocks  and 
promote  their  deoompositiQn.  Tliis  is  properly  one  of  the  chemioal 
effects  of  life. 

4.  Contributions  to  Kogk-Formations. 

The  capability,  on  the  part  of  life,  of  contributing  to  the  material 
of  rocks  depends  on  aeveral  oonaiderations,  of  which  the  fi^owim 

are  the  more  prominent: — 

1.  The  conditions  favoring  or  limiting  growth  and  distribution,— 
that  in,  the  laws  of  geographical  distribution  ol"  livinp  sytccios. 

2.  The  nature  of  different  organic  prod uct.s,  and  the  titnessof  the 
species  affording  them  for  making  fossils  or  rocks. 

After  diacusaing  these  sul^ecta,  some  of  the  methods  of  oontri- 
buting  to  rock*formatiotts  are  mentioned  under  the  heads,-- 

8.  Methods  of  fossilisation  and  oonoretion. 

4.  Examples  of  the  formation  of  strata  through  the  i^enfly  of 
life. 

1.  Geographical  JDUtrilmtion. 

The  subject  of  the  geoprapliical  distribution  of  plants  and  ani- 
mals, thonph  liiphly  important  in  this  connection,  cannot  be  pro- 
perly treated  in  a  brief  chapter;  and  the  student  is  therefore  re- 
fwred  to  treatises  on  this  branch  of  science.  Its  general  prindplei 
and  bearing  are  all  that  can  here  be  explained. 

The  distribution  of  terrestrial  plants  and  animaht  is  Umited  Vf 
different  causes. 

1.  Climaie.'— The  temperature  to  which  each  is  adapted  in  ili 
nature  determines,  within  certain  limits,  its  position  in  the  aMiaa 
between  the  e«|uator  and  the  poles,  and  also,  under  any  tone, 
its  special  altitude  between  the  level  of  the  aea  and  the  height  of 
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perpetual  snow.  Again,  the  amount  of  moisture  for  which  a  spe- 
des  IB  made  determiBM  ito  portion  in  either  a  moist  or  en  arid 
region. 

Eeoh  continent  has  its  own  chareeteristie  dimate,  arising  mainly 
oot  of  its  spedal  combination  of  these  two  elements,  temperature 
and  moisture;  and  this  is  one  sonree  of  the  great  diversity  of  life 
among  the  continents.  Another  point  in  wliich  tlie  climate  of 
continents  diti'crs  is  the  limit  of  extreme  heat  and  cold.  For  ex- 
ample. North  America,  owin^'  to  tlie  extent  of  its  range  from  the 
Arctic  circle  to  the  hot  tropics,  is  remarkahle  for  its  very  wide  ex- 
tremes. The  severe  cold  of  winter  passes  over  the  land  to  the  far 
sonih,  destroying  whatever  cannot  stand  its  power,  and  the  sum- 
mer's intense  heat  sweeps  back  again,  with  a  similar  effect:  so  that 
the  continent  cannot  grow  as  many  kinds  of  terrestrial  plants  or 
animals  as  that  on  the  opposite  side  of  the  Atlantic. 

2.  Continental  idiosyticrasies,  or  peculiarities  that  cannot  be  referred 
to  eliniMte.  Each  continent  has  its  characteristic  types  of  plants 
and  animals.  The  Marsupials  in  Australia,  and  Kilt  iitatfs.  or  Sloth 
tribe,  in  South  America,  are  examples  ;  the  setlate  IMatyrrhine  Mon- 
keys (p.  422)  in  South  America,  and  the  nimble  frolicsome  Catar- 
rhinee  in  Africa,  are  others;  so  also  the  abundance  of  Humming- 
birds in  the  Ocddent  and  their  absence  in  the  Orient.  Examples 
might  be  mentioned  indefinitely.  Moreover,  the  range  of  animal 
life,  or  that  of  vegetable  life,  has  often  a  continental  feature. 

3.  D  rsities  of  soil. — Some  plants  require  wet  soil,  others  mode- 
rately dry,  others  arid;  some  rich,  others  sandy,  others  a  surface 
of  rock  ;  some  the  j^re-^i-ncc  of  salt  or  a  suit  marsh. 

The  distribution  of  wati  i  -spi'cies  is  determined — First,  by  the  cha- 
racter of  the  water,  whether  fresh,  brackish,  or  suit,  pure,  or  impure 
from  mixed  sediment ;  and  but  few  species  adapted  for  one  condi- 
tion survive  in  the  other.  Hence,  chani^g  a  salt  lake  to  a  fresh 
one,  or  even  making  an  addition  of  fresh  waters  which  exceeds 
much  the  amount  lost  by  evaporation  (and  the  reverse),  will  dwin- 
dle or  destroy  the  living  spedes. 

The  Aral  and  Caspian  prubably  inudu  formerly  one  great  salt  sea:  owing  to 
fha  rivsn  tliai  sntsr  tiram,  the  living  species  are  fow.  The  shdli  are  now  of  but 
twetvs  i^eoies,  and  mi^nly  of  the  Cardtum  faniUy,  with  Mytilnt  nhdia  and  a 
J}rei»»enn  (Mytilas  family)  :  nnd  cmly  two  aro  quotod  from  thi'  Aral,— '''r*(^nMi 
eduU  and  Adarna  (Cardium)  ritmi.  The  i'ardium  and  MyfiluM  families  are 
hence  capable  of  enduring  very  wide  extremes  in  the  saline  condition  of  waters. 
It  is  iBteieeting  to  note  that  tho  earliest  of  Amerlean  UvalTei  (Aeephals)  was 
of  the  Cardiam  fanuly  (gonsi  CoNoeardi'Mai),  sad  tlia  IfTtUiit  hnUj  was  hat 
Uttle  latar  la  iatrodmtioo. 
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Secondly,  by  temperature  and  depth  of  water.  The  reeMbrmfaig 
eoralB  grow  in  the  warmer  ocean-waten,  in  whieh  the  mean  tem-  . 
perature  for  the  coldest  month  does  not  fall  below  68*  F.  The 
limit  in  depth  appears  to  depend  on  the  degree  of  light  and  presi- 
ore  for  which  the  species  were  made. 

The  folloiHiif  sones  in  depth  hare  b««n  rseognlied  by  Forbes  sad  other  ob> 

0erver!(  fur  the  cnnrenienee  of  innrking  the  distribation  of  marine  speeies:—- 

1.  The  l.ittitrnl  r.one, — or  the  tr:i<  t  between  hi<;h  nn<l  low  tide  level, 

2.  The  Laminarian  cone, — from  hiw  wttt«r  tu  fifteen  fathoms  (VO  Icet).  ThU 
sons  Is  so  nsmsd  tnm  the  ftiooidsl  ses-wssd,  ssUsd  sobsMbms  Tsa^e-veid^ 
whieh  ii  oflhs  fMins  Ltminarinf  a  plant  eepeelally  of  foehy  ihofss. 

3.  Ths  OortMSm»  lODc, — from  15  t<i  50  fathoms. 

4.  The  Hfcp-tra  Coral  lone, — from  50  to  100  fathoms  nnd  beyond. 

The  zones  of  oceanic  temperature  are  marke<i  on  the  Physio- 
graphic Chart,  anfl  are  «'xplaim*d  on  pa;»os  42-44,  where  also  facts 
are  mentioned  illustrating  the  geological  bearing  of  the  subject. 

2.  The  nature  i^  difft-rent  organic  products,  and  the  /tnest  ^  ike  qtecm 
affwd&ng  them/or  making  fotnU  and  rocks. 

(a.)  Nature  the  orffonie  produeU  eoitinbvted  to  n>ek^fnnatien»,^T\Mt 
following  are  some  of  the  general  foots  relating  to  the  nature  of  the 

organic  productn  contributed  by  life  to  th«»  rock.s:--' 

1.  Plants  afford  coal,  fossil  leaves, and  fossil  wood. 

2.  Animal  rotnnins  are  more  or  loss  durable  aooording  to  the  pro- 
portion of  .stony  intri<'di(Mit.s  present. 

3.  Slu'll-*,  coral-;, and  the  like  rontribnto  to  rock-formationa  almost 
solely  curbonate  of  lime,  or  the  material  of  limestones. 

4^  Bones,  in  addition  to  carbonate  of  limOt  contain  much  phos> 
phate  of  lime  and  animal  matter. 

5.  Diatoms,  Poly(qrBtines»and  spioola  of  Spongea  afibrd  ailioa. 

Faets  relating  to  the  change  of  wood  to  mineral  coal  are  mentioned  on  page35li 
Mineral  oil  Is  another  reeult  of  the  deeompoeitioa  of  TSfststion.  When  tke 

carbon  \a  only  ^tpuringly  diffused  through  earth,  it  giTM  it  a  MssMA  eeler, 
which  is  lost  when  the  material  is  highly  heated. 

Plants  also  afford  some  sulphur,  potash,  and  soda.  Carbonic  acid  is  one  of 
the  important  rsmilts     their  decomposition. 

Some  tea-weeds  sre  ealeareoos  lihe  eoral%  owing  to  their  mwiwiI  Ing  limesBMf 
their  sparse  tissues,    (.'^ee  page  67.) 

Antmnl  mfiiihinut  -  tl<  r  Min|.o-o  and  pas?  off  for  the  mo.*t  part  as  pase^.  Some 
of  the  cnrliuii  uften  reuiaiii»  in  the  bed  in  which  it  is  buried,  giving  it  »  d^rk 
eolor.  Impressions  of  the  soft  parts  of  animals,  ss  of  Cephalopods,  hsfs  less 
ihnnd  in  roeks;  hnt  they  are  veiy  rare.  The  tissnee  that  penetrate  iheDs  end 
hones  are  sometimes  in  psrt  retslned  by  ths  saeisBt  fossB.   Tws  ssiss  sie 
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■witionni  ^  Bamada  of  Um  Mavanion  of  tlio  aaimal  nutorial  witUa  • 
Lower  Siloriaa  Orthoaana  into  adipoetrt  (an  aoiaial  anbaUuiea  baring  the  ap- 
pearance of  apanaaaatt),  aad  ho  ^oaka  of  tbam  aa  the  oldaat  mmmmiM  atrar 

exbamed. 

A  small  perccDtege  of  pboaphates  and  Huorida  is  derived  from  decomposing 
niaul  tiaaoaa. 

Tk*  M!»ttmemt»  t/  mimaU  afford  a  aon^darablo  aaoaat  of  plia4q^liataa»  aad* 

bj  deoompo^ition,  ammoniaeal  eompounds.  TIr>  latter  are  diaaipalad  mostly  in 
the  air,  or  by  solution  in  waters;  while  the  phogphutcs  are  often  distributed 
through  the  earth  in  which  the  animald  live,  or  clso  arc  accumulated  in  beds,  aa 
in  Uio  oaaa  of  gnaao^  Tho  ozoraaioata  of  the  larger  aahaala  ratiUa  fbdr  fom» 
aad  constituto  tho  foaaQa  ealled  Oopr^itet,  The  amount  of  phosphates  from  tho 
life  which  swarms  in  some  niu'My  sea^botloma  aad  ahoraa  maat  bo  largo.  For 
analy-f:^  of  Coprolitcs,  sec  page  t)7. 

Buncd  are  combined  with  so  large  an  amount  of  animal  gelatine  that  they  aro 
^  food  of  rarlooa  aaimala;  aad  thia  ia  a  great  aoaroo  of  tbalr  daatraetlon. 
Again,  when  the  animal  matter  decny.«,  tho  bones  are  left  very  fragile,  unlei# 
hardened  anew  hy  a  substitution  of  inintrul  matter.  In  the  Cartilaginous  fishes, 
the  backbone,  when  it  fails  wholly  of  stony  material,  is  not  found  fossil,  as  ia 
most  fossil  Ganoids. 

Tha  tooth  of  Vortobratoa  ooatala  mnob  loaa  aaiaial  matter  than  boaoa,  aad 
also  a  OOatinc;:  of  enamel,  in  which  there  is  considerable  pho.-^phatc  of  limaw 
They  are  therefore  exceedin^rly  ilnrnlilo.  anil  the  most  abundant  of  tho  n'inains 
of  many  species.  The  bonjf  cunm<lUH  tcaUa  o(  Uanoid  fishes  aro  equally  en- 
during, dilTeriag  naah  la  this  respect  from  tho  ataaibraaoaa  soalea  of  Teliosts. 

Of  A«l<t  oad  Cbrolf  aaaljaaa  ara  givaa  OB  pago  6tt.  Aa  tho  aoaoaatof  aalmal 
■attar  present  is  usually  very  i^mallf  thaj  have  great  durability. 

A  few  shells,  oa  thusc  of  the  Lingular  and  Oboti,  and  proliahly  tho^e  oIbo  Of 
Ftert^iiMi*,  contain,  like  bones,  a  large  omoantof  phosphate  of  lime  (p.  68). 

Traeea  of  phosphalaa  and  Inorida  an  praaaat  ia  both  ahalla  aad  oorala. 

In  a  fow  lara  apaaloa  of  Coral  of  tho  Oorgoaia  fkmOy,  tho  atoay  aacrattraa 
are  siliceous.    Th  •  Polycystinos  are  siliceous  Protoxoans. 

The  •i/iVeoiM  "/  l)iin<,inn  an<l  ^pi'-ula  of  Spomjtt  have  been  an  Import- 

ant sourae  of  silica  in  rocks  of  all  a^'cs  (pp.  68,  271,  482,  488).  This  silica  is 
osnally  what  ia  aaOad  «el«M«  Mica  (pp.  65,  488).  Tha  indoz  of  rafraatioa,  aa 
datarmiaod  by  Bood,  ftoat  Diatoma  ia  oaly  whilo  that  of  ordinary  qaarta 
if  1.648. 

The  material  of  tho  eponpe  also  is  sometimes  nilicoous,  though  generally  more 
like  horn  in  nature.  It  bccoucH  filled  in  with  mineral  matter,  and  in  this  state 
forma  tha  Ibaail  sponge.  A  few  species  of  sponge  hara  aalearooaa  aplavla. 

(5.)  The  fitness  of  species  for  becoming  fui<silized  or  concreted 
into  rocks  depends  in  part  on  Ihdrj^iOM  and  habUs  <^ grototk, 

WateMpecies  of  plants  and  animab  are  those  most  likely  to  be- 
come fossils  end  oontribate  to  rook-formations;  and  next  those 
that  live  in  marshes,  or  along  shores  or  the  borders  of  marshes. 
The  reasons  are  two:— (1)  Because  almost  all  fossiliferous  rocks  are 
of  aqueous  or  marsh  origin ;  and  (2)  because  organisms  buried  un4er 
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waier  or  in  wet  depodts  are  preeerved  from  tbat  oomplBte  deeooh 
poution  which  many  are  liable  to  when  ezpoied  on  the  drj  soil,  and 

are  protected  also  from  other  aources  of  destruction.  In  Nort& 
America,  during  the  Cretaceous  period,  the  dry  |)ortionB  of  tho  ron- 
tinent  cast  of  the  Mississippi  (see  map,  p.  489)  wore  in  all  proba- 
bility covorod  witli  vegt  tation  ai>  densely  as  now  ;  and  yet  we  have 
no  remains  of  it,  excepting  tlio  few  in  the  ('retact-ous  ])ods  of  tlie 
Atlantic  and  (iulf  border.  We  may  believe  also  tliui  iliere  were 
numerous  Mammals  and  blrda  in  the  Ibieata,  for  Mammals  began  in 
the  Triassic,  and  birds  in  the  Triaasio  or  Jurassic,  but  not  the  first 
speoimen  has  anywhere  been  found.  In  the  Pliocene  Tertiary  the 
species  of  plants  and  birds  may  have  been  at  least  half  asnomerons 
as  now.  Yet  a  few  hundreds  of  the  former  and  hardly  a  score  of 
the  latter  are  all  that  have  thus  far  been  found  fossil.  The  natural 
inference  from  these  facts  is  that,  while  we  may  conclude  that  we 
have  a  fair  representation  in  known  fossils  of  the  marine  life  of  the 
globe,  we  know  very  little  of  its  terrestrial  life, — enough  to  Uivsure 
us  of  its  general  character,  but  not  enough  for  any  estimates  of  the 
number  of  living  species  over  the  land. 

Plants  and  all  animal  matter  pass  off  in  gases  when  exposed  in  the  atno- 
sphere  or  in  dry  earth;  an«l  bone?  and  Hhcll?  becumo  slowly  removed  in  «oliiti(m 
when  buried  in  sands  through  which  waters  may  percolate.  Bones  buried  in 
wet  depoiits,  especially  of  olay,  are  i«sl«d  from  tbe  stmosphere,  and  nay  i»> 
mala  with  little  cbange  except  a  more  or  less  complete  loss  of  the  aaimal  per- 
tion.  Mastodons  have  been  tniretl  in  mnrshcs  and  thus  have  been  preserved  to 
the  prevent  time ;  while  the  thousands  that  died  over  the  dry  plains  aad  bills 
have  lett  no  relics. 

Among  termtrial  Artienlalet,  the  speeiei  of  inMoCs  that  ftequeat  manfay  fe> 

gions,  and  especially  those  whose  larvcs  live  in  the  water,  are  the  most  common 
fos.iils,  as  the  XeHroptent  :  while  Spiders,  and  the  insects  that  live  about  the 
flowers  of  the  land,  are  of  rare  occurrence.  Waders,  among  Birds,  are  mon 
likely  to  heoome  hurled  aad  preserved  than  thoM  whieh  frequent  dry  fonila 
But,  whalever  their  hahit^  birds  are  among  the  rarest  of  fossUa,  heeanse  th^ 
usually  die  on  the  land,  arc  sought  for  as  food  by  numborioM  Other  spsfliM.  lli 
have  slender  h<illow  bones  that  are  easily  destroyed. 

Vertebrate  animals,  as  fishes,  reptiles,  etc.,  which  fall  to  pieces  when  the  animal 
poitloB  is  remOTed,  require  speedy  burial  sller  de^  te  ese^M  destraotka 
from  this  soaroe  as  well  as  from  animals  that  would  prey  upon  them. 

Fishes  in  the  ocean,  having  the  means  of  easy  locomotion  through  the  waters, 
would  be  less  liable  to  destruction  from  cbnnire.s  of  level  in  tbe  land  than  tbe 
MoUasks  of  a  coast;  uud  hence  some  of  the  sharks  of  the  Tertiary  cootioae 
through  two  or  three  epochs. 

The  animals  generally  of  the  oeean  are  little  liable  to  exterminstjea  fron 
changes  of  climate  ovi-r  tin-  hind;  and  hence  "owe  marine  invertebrate  ispccics  of 
the  Miocene  Tertiary,  mauif  of  the  Pliocene,  aad  all  of  the  Post-tcctiaiy,  cea- 
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tinned  on  into  the  age  of  Man,  while  as  T9gm^  lamtMal  •aimal  lifakhmwn 

in  this  interr&l  manj  successive  faunas. 

(<*.)  Th£  lowest  ifperif-s  of  lifr  are  the  best  roek-makers,  especially  Corals, 
Crinoids,  Mollusks  and  Rhizopods;  for  the  reason  that  only  the  sim- 
plest kinds  of  life  can  be  mostly  of  stone  and  still  perform  all  their 
functions.  Multiplication  of  bulk  for  bulk  is  more  rapid  with  the 
minute  uid  simple  species  than  with  the  higher  kinds;  for  all  eni- 
male  grow  prinetpelly  by  the  mnlttplioetion  of  cells ;  end  when  single 
cells  or  minute  groups  of  them,  as  in  the  Rhiaopods,  are  independ- 
ent the  increase  may  still  be  the  same  in  rate»  or  even 
mneh  more  rapid,  on  account  of  the  simpUoity  of  structure. 

8.  Me^adt    FomUaatun  and  QmereHen, 

In  the  simplest  kind  of  IbssiluMtion  there  is  merely  a  burial  of 
the  relic  in  earth  or  accumulating  detritus,  where  it  und^goes  no 
change.  Examples  of  thte  kind  are  not  common.  Siliceous  Dit^ 
toma  and  flint  implements  are  among  them. 

In  general  there  is  a  change  of  some  kind  ;  usually,  either  a  loss 
fay  decomposition  of  the  less  enduring  part  of  the  organic  rflic. 
with  sometimes  the  forming  of  new  i)roducts  in  the  course  of  the 
decomposition,  or  an  alteration  through  chemical  means,  changing 
the  texture  of  the  fossil  or  petrifying  it,  as  in  the  turning  of  wood 
into  stone. 

The  change  may  oonsist  in  a  fading  or  blanching  of  the  original  oolon;  in  a 
partial  w  sompleta  1ms  of  tbs  dsMoipoMUs  sainBl  portloB  of  tho  beno  or 
dioll ;  a  stmilar  Ion  of  part  of  Iho  aiiBonl  iagndlMita  by  solToak  woton^  ss  of 

the  phosphates  and  flaorids  of  a  bone  or  shell ;  or  a  general  alteration  of  the 
original  organism,  leaving  behind  only  one  or  two  ingredientst  of  the  whole;  or 
aeombining  of  tho  old  ckmentit  into  new  compounds,  as  when  aplant  deoays  and 
ehaogos  to  eool  sad  bltoDMBf  a  rosin  to  aabor,  aaimot  matter  to  sdipooorOi 

The  ebaage  maj  be  meraly  one  of  eryftalliaation.  The  earbonate  of  IIom  of 
■hells  is  often  partly  in  the  state  <if  amfronite;  and  when  ""o,  there  Is  usually  a 
chantre  in  which  the  whole  becoaies  common  or  rhombohdlra!  carbonate  of  lirac 
(calcitc).  Sometimes  the  compact  condition  of  the  original  fossil  is  altered  to 
one  with  tho  peribet  daaTOco  <^  esloite^  as  oflea  happens  in  enerinal  oohunni 
and  tho  spines  of  Behiaoids. 

'  The  change  often  consists  in  the  reception  of  new  mineral  matter  into  the 
pores  or  oeUoles  of  the  fossil,  as  when  bones  are  penetrated  bjr  limestone  or  oxjrd 
of  iron. 

Tho  ehsage  is  ftoqaontlj  a  tmo  potrifiMtion,  in  whioh  thore  is  a  rabstttation 

«f  new  mineral  material  for  the  original;  as  when  a  shelly  ooral  or  wood  it 

changed  to  a  siliceous  fossil  through  a  process  in  which  the  organism  was  sub- 
jected to  the  action  of  waters  containing  lilioa  in  solution.  In  other  caflos.  the 
organism  becomes  changed  to  earbonate  of  iimoi  as  in  much  petrified  wood ; 
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and  in  others,  to  oxjrd  of  iron  and  pyrites ;  and  luoro  rarely  to  fluor  spar,  beavy 
■par,  or  phosphata  of  lima. 

The  remains  of  organisms  have  very  frequently  been  ground  up 
by  the  aotion  of  waves  or  by  currents  of  water,  and  th\iA  reduced 
to  a  calcareous  earth, — the  concretion  of  which  has  made  lime* 
stones. 

When  the  fossils  are  minute,  like  Bhisopods  and  ])iatoms»  the 

dmple  concretion  of  the  sheila  will  make  a  solid  rock,  as  in  the 
case  of  chalk  and  flint  (p.  488). 

Ehrcnberg  estimates  thnt  about  18,000  cubic  feet  of  silioeons  organisms  anna- 
ally  form  in  the  harbor  of  Wismar  in  the  Baltic;  and  he  has  also  found  thtt 
aimilar  acoumuiationR  are  going  on  in  the  mad  of  American  and  other  harbors. 

The  hedot  BhtMopodt  aeoaaittlating  in  the  North  Atlantic,  mentioned  on  page 
488»  eontaina,  aaaordiog  to  Hnzley,  about  85  per  o«nt  of  thoaa  eoloareooa  aMIa* 
aoMty  of  the  genus  Gtobi(jerina,  besides  some  siliceons  Diatoms:  it  has  probably 
a  breadth  (between  Ireland  and  Newfoundland)  of  1300  miles;  nnd,  as  a  similar 
bottom  was  found  by  Captain  Dayman  near  the  Asores,  the  bed  has  been  lop- 
poaed  to  extand  lonthwajrd  at  laaat  Mi  vXIm,  Ehrenbarg  found,  in  a  speetjan 
examined  by  him,  86  epeeiee  of  ealeareons  Rblaopoda,  18  of  Polyejetiaee,  aad 
17  of  Diatoms,  with  only  a  few  nrenaoeous  grains  not  of  organic  origin. 

Off  the  Atlantic  coaj*!,  i'roiii  Florida  north,  between  depths  of  90  and  150C 
feet,  the  bottom  consists  half  or  more  of  Uhicopod  shells ;  and  at  greater  depths, 
eroB  bwieath  the  Gnlf  Stream,  to  8800  feet  (as  obaerved  hi  lat.  S8*  S4',  loaf. 
18'),  ahnoet  80I0I7  of  them.  (Ponrtaka.) 

The  siliceous  shells  of  the  microscopic  Polycyttinet  have  been  found  not  only 
in  the  frigid  Sea  of  Kauitchatka  (p.  488;  see  Amcr.  Jour.  Sci.  [2]  xxil  pi.  I, 
for  figures)  and  the  North  Atlantic,  but  also  in  the  South  Pacific,  on  both  coasts 
of  the  Atlaatie,  in  tho  Medilerraiieaii,  and,  wUhin  the  tropiei,  at  Barbedoef  fa 
the  Weot  Indiea  and  the  Nleobar  Islands  in  the  East  Indies.  Ehrenberg  haa 
named  2S2  species  from  a  marl-like  deposit  at  Barbadoc-',  ennsidercd  as  Ter- 
tiary, an<l  100  speciea  from  the  Nioobar  Islands,  part  of  them  identioal  with  those 
of  I{urbad«M.'H. 

But  when  the  fossils  are  comparatively  large,  as  with  ordinary 
corals  and  ahelLs,  the  intervals  between  them  must  be  filled  with 
earth  of  some  kind,  derived  from  the  wearing  action  of  the  wateit. 
It  may  be  the  mud  or  detritus  fwm  rivers  or  from  wavo«otion  sh»f 
seashores.  But  when  calcareous,  it  has  evidently  come  from  the 
wear  of  the  shells,  corals,  or  crinoids  themselves ;  and  lience  any 
limestone  rock  made  up  of  shells,  coral^^,  or  crinoids  wliich  Ims  the 
intorstioes  thus  filled  in  witli  limestone  bears  conclusive  ovitlt-m-' 
in  itself  that  it  has  not  been  formed  in  th«»  deep  ocean,  but  witliin 
the  reach  of  current  or  wave  action,  lihizopods  make  the  only 
solid  deep-water  limestones. 

The  kinds  of  limestone  made  through  the  agenqr  of  life  induds 
soft  marl  or  calcareous  earth,  chalk,  compact  limestone,  aometimes 
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oolitic,  of  white,  gray,  bluish,  blackish  and  other  colors,— the  dark 
colors  mostly  due  to  the  presence  of  carbon  from  animal  or  vegetabla 

decomposition. 

The  origin  of  strata  through  organic  growth  or  accumulation  is 
well  illustrated  in  the  history  of  peat  beds  and  coral  reefs;  and 
this  Hubjoct  of  life  is  tlierefore  concluded  by  a  brief  description 
of  their  modes  of  formation. 


1.  Peat  FormatioBa. 

Peat  is  an  accumulation  of  half-docomposed  vegetable  matter 
fomipd  in  wet  or  swampy  pla<"os.  In  teni])erate  climates  it  is  due 
mainly  to  the  growth  of  mosses  of  the  gcnun  Sphagiwrn.  This 
plant  forms  a  loose  turf,  and  has  the  property  ot  dying  at  the  extre- 
mity of  the  roots  as  it  increases  above ;  and  it  thus  may  gradually 
form  a  bed  of  great  thickness.  The  roots  and  leaves  of  other  planto, 
or  their  branches  and  stumps,  and  any  other  vegetation  present,  may . 
contribute  to  the  accumulating  bed.  The  carcasses  and  excrements 
of  dead  animals  at  times  become  included.  Dust  may  also  be 
blown  over  the  marsh  l)y  the  winds. 

In  wet  parts  of  Alpine  regions  there  are  various  flowering  i)lant« 
which  grow  in  the  tbrni  of  a  close  turf,  and  give  rise  to  beds  of  i)eat 
like  tlie  moss.  In  I' uegiu,  although  not  south  of  the  parallel  of  66°, 
there  are  large  manhes  of  such  Alpine  plants,  the  mean  tempera- 
tare  being  about  400 

The  dead  and  wet  vegetable  mass  slowly  undergoes  a  change, 
becoming  an  imperfect  coul,  of  a  brownish«black  color,  loose  in  tex- 
ture, and  often  friable,  although  conunonly  penetrated  with  root- 
let**. In  the  change  tlie  woody  fibre  loses  a  part  of  its  gases:  but, 
unlike  coal,  it  still  contains  usually  25  to  33  per  cent,  of  oxygen. 
Ckicasionally  it  is  nearly  a  true  coal. 

An  analysis  nffordcd — Cnrbon,  58.09.  hydrogen.  5.93,  oxypcn,  ?>\.^'J,  ashes. 
4.61  100.  But  there  are  several  substances  present,  including  three  or  four 
dtetinet  veslas  sad  vegetable  principlM.  It  aflbrds  a  DTunber  of  importsat  pro- 
dMts  by  distiUstkni,  snMng  tiiem  PsrsAas.  Trases  of  pbotpbatss  srs  presenlp 
aridag'fironi  animal  deooapotitioni. 

Peat-beds  cover  large  surfocesof  some  countries,  and  occasionally 
have  a  thickness  of  forty  feet.  One-tenth  of  Ireland  is  covered  by 
them;  and  one  of  the  '*  mospes"  of  tlie  Shannon  is  stated  to  b^  fifty 
miles  long  and  two  or  tliree  broad.  A  marsh  near  the  mouth  of  the 
Loire  is  described  by  Blavier  as  more  than  fifty  leagues  in  circum- 
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teenoe.  Orer  many  parts  of  Heir  England  and  other  portiowoC 
Korlh  Amerioa  there  are  extenahre  beda.  The  amount  in  Massa- 
ohuaetts  alone  has  been  estimated  to  exceed  120,000,000  of  cordi. 
Many  of  tlie  marshes  were  ori^'inally  ponds  or  sliallow  hikes,  and 
gradually  became  swamps  as  the  water,  from  some  caus**,  dlmini-^Iu'd 
in  depth.  Tllt^  j)eut  is  often  underlaid  by  a  bed  of  whitish  shell 
marl,  consisting  of  fresh-water  shells — mostly  species  of  Cyclas  and 
Planorbis — ^which  were  living  in  the  lake.  There  are  often  alaa 
beds  of  the  silioeoua  shields  of  Diatoms. 

Peat  u  used  for  fuel  aad  also  as  a  fertilber.  When  prepared  for  buming,  UtI 
sat  lato  larga  liloeka  aad  dried  ia  the  aoa*  It  is  aometiBiai  pressed  la  ofd« 

to  8cr\'o  a»  fuel  for  8teatn-on;;inc8.  Ifuek  ia  aastlier  aamo  of  peat,  and  \$  otid 
especially  vthcn  tho  mator'uil  is  employed  as  a  manure.  It  tnoludes  aUo  impart 
varieties  nut  iit  fur  burning,  being  applied  to  an/  black  iwanp-earth  ooiuuttag 
largely  of  decomposed  vegetable  matter. 

Peat-beds  sometimes  contain  standing  trees,  and  entire  skeletons 
of  animals  that  had  sunk  in  the  swamp.  The  peat-waters  have 
often  an  antiseptic  power,  and  flesh  is  Bometimea  changed  by  ths 
hnrial  into  adipooere. 


2.  Coral  Formattonai 

Coral  formations  are  made  through  the  growth  mainly  of  <x^ral 
zoophytes,  and  are  conlined  to  the  warmer  latitudes  of  tlie  globe. 

Kinds.'-CoTaX  formations,  while  of  one  general  mode  of  origin,  sia 
of  two  kinds: — 

1.  Condultmdt, — ^Isolated  coral  formations  in  the  open  aea. 

2.  CoTtdre^. — ^Banks  of  ooral  bordering  other  lands  or  islands. 
Distribution. — The  limiting  temperature  of  reef-forming  corals  ii 

about  V. ;  that  is,  they  do  not  flourish  where  the  mean  tempera- 
ture of  any  month  of  the  year  is  l)elow  08°.  The  extent  of  the  Coral 
seas  is  shown  by  the  jiosition  of  tlie  north  and  south  lin^  of  F. 
on  the  Physiographic  Chart,  as  already  pointed  out. 

The  exehiskm  of  eorah  from  obtain  tropical  coasts  Lb  owing  to 
ftrent  causes. — (1.)  The  cold  extratropioal  oceanic  currents^  as  in  the 
caae  of  western  South  America  (see  map).  (2.)  Huddj  or  aOnviil 
shores  or  the  emptying  of  large  riTcrs;  for  coral-polype  reqnln 
clear  se^water,  and  generally  a  solid  foundation  to  build  upnn. 
(3.)  The  presence  of  volcanic  action,  which,  through  occasional  sub- 
marine action,  destroys  the  life  of  a  coast.  (4.)  The  depth  of  water 
on  precii)itous  shores ;  for  the  reef-«orals  do  not  grow  where  th« 
depth  exceeds  100  feet. 
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'  'J^  iArfla0l>mentioned  reMOB,  reefii  sre  pravwitMl  from^^  MOP* 
BMouig  to  form  in  the  deep  ooean.   The  notion  thai  oonl  islands 

aro  rising  from  its  (l<  pth<  no  support  in  facts:  they  must  have 
the  land  within  a  few  £athomd  of  the  surface  to  begin  upon. 

Coral  formations  are  moat  abundant  in  the  tropical  Pacific,  where  there  are  290 
coral  i:'lan<l'<.  bcjiulos  extensive  reefs  around  other  islund.s.  The  I'auniotu  Archi- 
pelago, east  of  Tahiti,  containit  between  aeventy  and  eighty  coral  ialaads;  the 
ObwrthlMi  Inolading  the  Radaek,  Baliek,  and  Kingtmill  groups,  aa  aaay 
rliani  and  others  are  distributed  over  th«  intennodiate  region.  Tha  lUiitiaa, 
'llMiaaataad  YMljee  Islands  are  famons  for  th'  ir  Trcf»  ;  nlso  New  Caledonia  nnd 
Iriaads  northwest.  There  ure  reefs  also  about  .>nmo  of  the  llawaian  Islands. 
The  Laocadtves  and  Maldives  in  the  Indian  Occuu  arc  among  the  largest  coral 
idaada  la  tha  world.  The  Bast  ladies,  the  eastern  eoast  of  Aflrioa,  the  West 
hdisa  aad  aoathern  Florida  abound  in  rsofs;  and  Bermuda,  in  latitude  ^>2°  N., 
is  a  coral  f^ronp.  Kcef.-i  arc  nh-ent  from  western  America,  except  olon;r  ''V  Pa- 
nama, and  mostly  from  wudlcrn  Africa,  on  account  of  the  cold  extratropical 
iUMBta  that  iaw towards  the  oqoator:  for  tho  same  rsasoa,  thsro  art  ao  rsaft 
Ai  lhaeoartof  Chiaa.  (Boo  tht  Physiographie  Chart.) 
•M\;  ^.    .  . 

1.  Coral  Islands. 

Forms. — Atolls. — The  larger  part  of  coral  islands  consist  of  a  nar- 
row rim  of  reef  surrounding  a  lagoon,  as  illustrated  in  the  annexed 
■ketch  (fig.  848).  Such  islands  are  called  atolU, — a  name  of  Mal- 
dive  ori|^  Map*  of  two  atolls  are  shown  in  figs.  8^,  850,  showing 
tiie  ri«||t0f  ^oiftl  reel^  the  salt-water  lake  or  lagoon,  and  the  varia- 

Fig.  848. 


Oonl  tolaad,  or  atoD. 


tions  of  form  in  theso  islands:  tlioy  arfi  never  circular.  Tho  size 
varios  from  a  longtli  of  fifty  miles  to  two  or  tlirco.  and  when  <juite 
small  the  lagoon  is  wanting,  or  is  represented  only  by  u  dry  de- 
pression. , 
Tlie  reef  is  usually  to  a  large  extent  hare  coral  rock,  swept  by  the 
wares  at  high  tide.  In  some,  the  dry  land  is  oenfined  to  a  few  iso- 
lated points,  m  Kenehikoff  Island,  of  the  Caroline  groap  (fig.  860)  j 
In  others,  one  side  is  wooded  oontinuously,  or  nearly  so,  while  the 
other  is  mostly  bare,  er  is  a  string  of  green  islets,  as  in  fi^.  S49, 
Wpmpenting  Apia,  one  of  the  Kingsmili  Islands,  The*  h^{her  or 
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wooded  side  is  Uuii  to  the  windward,  unleM  it  happens  to  be  under 
the  lee  of  another  isknd.  On  the  leeward  side  there  are  often  oban- 


Vlg.  849.  Vig.  860. 


fiamUnm, 


nels  opening  lli rough  to  the  lagoon  {e,  fig.  840),  whieh.  wlien  deep 
cnougli  for  nhippiiig,  m:ike  the  atoll  a  harbor;  and  some  of  these 
corul-girt  harbors  in  mid-ocean  are  large  enough  to  hold  all  the 
ieets  of  the  world. 

Fig.  851  represents  a  section  of  an  island,  from  the  ocean  (o) 
to  the  lagoon  (/).  On  the  ocean  side,  from  o  to  a  there  is  shallow 
water  for  some  dbtance  out  (it  may  be  a  quarter  or  half  a  mile  or 
more) ;  and,  where  not  too  deep  (not  over  one  hundred  feet),  the 
bottom  is  covered  here  and  there  with  growing  corals,  a  to  &  is  a 
platform  of  solid  coral  rock,  mostly  bare  at  low  tide,  but  covered 
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StfcUon  of  a  coral  i«laod,  from  the  ocoau  {o)  tu  the  la^ouu  {I). 


at  high,  and  having  a  width  usually  of  about  a  hundreti  yards: 
there  are  shallow  pools  in  many  parts  of  it,  abounding  in  living 
eoralsof  various  hues,  Actinin  (Se»«nemones),  Star-fishes,  Sitonges, 
Shells,  Shrimps,  and  other  kinds  of  tropical  life,  and  towards 
the  outer  margin  it  is  quite  cavernous,  and  the  holes  are  fre> 
quented  by  crabs,  fishes,  etc  At  b  is  the  white  beach, six  or  eight 
feet  high,  made  of  coral  sand  or  pebbles  and  worn  shelU ;  b  to  d'w 
the  woode^J  portion  of  the  inland.  The  wholo  width  from  tlio  }>ra«'h 
{b)  to  the  lagoon  (c)  is  commonly  not  over  three  or  four  hundred 
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rods.  At  r  is  the  heaoli  <m  the  lagfKin  side,  and  tlio  commence^ 
meiit  of  the  lagoon.  Corals  gi-ow  over  portions  of  the  lu^roon,— 
ftltliou^h  in  general  a  large  part  of  tlie  bottom,  both  of  the  lagoon 
and  the  sea  outside,  is  of  coral  sand. 

Beyond  a  depth  of  100  feet  there  are  no  growing  corals,  except 
some  kinds  that  enter  but  sparingly  into  the  structure  of  reelk, 
the  largest  of  which  aro  the  DcnUrophjfUiK, 

Coral  r,;f-rork. — The  rock  forming  tlie  coral  platform  an<l  other 
parts  of  the  solid  reef  is  a  white  limestone  made  out  of  eorahi  and 
shells.    Its  composition  is  like  that  of  ordinary  lime-tones. 

In  Homo  parts  it  contaimi  tho  coraU  imbethled,  but  m  others  it  is 
perfectly  compact,  without  ft  fossil  of  any  kind,  unless  an  occasional 
shell.  In  no  case  is  it  chalk.  The  compact  non-fossilifcrotis  kinds 
are  formed  in  the  lagoons  or  sheltered  channels ;  the  kinds  made 
of  broken  corals,  on  the  sea-shore  side,  in  the  face  of  tho  waves  ; 
those  made  of  coraU  standing  as  they  grew,  in  sheltered  waters 
wht're  the  sea  has  fre(»  aecess. 

The  following  are  the  principal  kinds  of  coral  rocks: — 

1.  A  0a^giaine<l,  compact,  aa4  olinkinp^  limestone,  m  solid  and  flint-Iike  in 
fracture  as  any  Silurian  linicxt'mc,  and  with  rarely  a  .^hell  or  frn^^tiicnt  of  coral. 

Thia  variety  is  very  common ;  and,  where  ooral  rc«fii  ur  ielandu  have  been  ele- 
rated,  it  oflan  makei  up  tht  mmm  of  tlw  ro<dt  sspoMd  to  vl»w.  Tho  absanes  of 
foosila,  whila  tha  rook  was  aTidontly  mada  oat  of  eorals  sad  sliaiis,  to  a  ramark- 
able  and  inttmctivc  fact. 

2.  A  c:<mi)iu:t  uolltc,  consisting  of  roonded  eonerotionaiy  grains,  and  gana* 
rally  without  any  distinct  fossils. 

S.  A  roek  equally  oompaot  sad  liard  with  No.  1,  bat  aoataialng  imboddad 
litacnaats  of  eorals,  sad  smae  shalls. 

4.  A  oOBflotncrutc  of  hrokrn  corals  and  .«hcll!>,  with  littla  olsa,— V«ry  ins 
and  ?  'lid ;  many  of  the  corals  several  ciihic  feet  in  ."i/e. 

5.  A  ruck  consisting  of  corals  standing  as  they  grew,  with  the  interstices 
flllod  in  with  ooral  sand,  diolla,  and  flragmonla.  In  ganeni  tho  rook  to  axoead- 
ingly  solid  {  bat  in  some  easos  tha  intarstiaas  ara  bat  loosaly  flllad. 

ConU  beaeh^roek, — The  beach-rock  is  made  from  the  loose  coral 
sands  of  the  shores  which  are  thrown  up  by  the  waves  and  winds. 
The  sands  become  cemented  into  a  porous  sandstone,  or,  where 
pebbly,  into  a  coral  pudding-stone.  It  forms  layers,  or  a  himinated 
be<I,  along  the  beach  of  the  lagoon,  and  also  im  the  sea-shore  side, 
sloping  sometimes  at  an  angle  of  five  or  six  degrees  towards  the 
water. 

Formation  qf  the  coral  ttruelure. — A  reef  region  is  a  plantation  of 
liring  corals,  in  which  various  species  are  growing  together,— at 
one  place  in  crowded  thickets,  at  another  in  scattered  dumps  orer 
fields  of  cond  sand.  There  is  the  same  kuid  of  diYeisity  that  existo 


618 


DYNAMICAL  OEOLOOT. 


in  the  distribution  of  Tegetaiion  over  the  land.  Some  of  the  khidi 
branoh  like  treee  of  tmall  siie  or  shrubs  {Madr^Mrw) ;  others  form 
(dosely-bnuiohed  tufts  ( Acitfiigwns,  many  FmUt) ;  others  resemble 
cdnstered  leaves  {MenUina,  Manaporm)^  or  tufts  of  pinks  {TuUfKnfr), 
or  lichens  and  fungi  {Agarieia,  etc.);  others  grow  in  hemispherical 
or  subglobuhir  forms  [Aatrccr,  Mcandrina,  and  some  Poritcs);  and 
others  are  groups  of  .sleiidfr,  brilli:intly-coloro<l  twijrs  [Gor<j<jii<iT' . 

When  alive  in  the  water,  all  these  coials  an*  c<>vi'ie<l  throu;jliout 
with  expanded  |>olyps,  emulating  in  beauty  ut  form  and  colurt>  the 
flowers  of  the  land. 

Tbs  fliost  ooaunon  groups  of  VMf-formiog  corals  sre  ths  Madrepora,  PoeiO^- 
porm,  PvriUt,  Atlrea,  MMmitimn,  sad  JCfUrpora. 

1.  JUadrepora. — Coral5  usually  neatly  branched;  brsachcs  with  pointc<I  tt- 
tr«mitie8,  each  ending  in  a  small  cell  or  calicle ;  BurfsM  eOTorod  with  o«Uclw(or 
promioeot  poljp-celU)  about  a  lino  in  diamotor. 

S.  Adll«!|Wf«.— Corsls  slotaly  brsaehad,  with  enifona  width  of  iateml 
ImAwmq;  brsaelMS  blast  at  the  extramitj;  aurfaoe  ooverad  with  angalar 
prominpiicos,  a  lino  or  two  thii-k,  each  containing  !«evoral  polyp. celld ;  rpocM 
between  the  prominences  al^o  covered  crowdedljr  with  poljrp-cella j  toxtareaf 
the  ooral  in  its  interior  mostly  sohd. 

S.  ParitM.  Ootsis  oflsa  brsnehsd;  the  brsnebes  Uoat;  snrfsM  assiiy  montk, 
sorsrad  thronghoot  with  poIyp^Mlls  tost  than  a  lias  in  diamotsr;  sobm  of  lis 
species  ma.^.'iivc.  irregularly  globular,  and  occ:i!«ionsl]lj  tSB  or  flflMn  foet  is 
diameter;  texture  of  the  coral  very  finely  rcllulur. 

4.  Aatrea. — Corals  massive,  usually  licmuphorical,  covered  with  radiated 
pdjp-Mlla,  afUa  half  so  ieoh  or  nore  fai  disinsler;  the  homisphoros  aoncCiMt 
fifteen  or  twenty  feet  in  diuneter. 

5.  Mmndrina. — Curals  as  in  the  A»tren  group  in  form  nnd  siic,  hut  *nri"s« 
oovcrcil  with  meandering  furrows,  often  a  quarter  of  au  inch  or  more  in  wi  lib. 
Often  called  braiu-coral,  in  allusion  to  the  meanderings  in  tbo  surface  uf  Lh« 
brsin. 

6.  IfiHepora.—CoTala  bnmobiog,  lamellar,  massive;  surface  smooth;  ceOs 
exceedingly  minute,  and  in  the  interior  of  the  coral  divided  by  horiBoatal  pMT* 
tiiions  (a  cbarooteristio  called  labnlate  by  Edwards). 

Eaoh  of  the  polyp-oella  la  these  eorals  oonreapcqids  to  »  sepsrste  animal  w 
polyp  (p.  163).  In  the  Mndrtfwm,  the  polyps  when  expended  hare  twdro  njs 
or  tentacle;),  with  e  diameter  of  an  eighth  to  a  quarter  of  an  inch.  Tbosa 
of  tlic  f'nrilliifiorrt  and  Pnrttct  are  also  twelre-raycd,  hut  smaller.  The  Atti-nn 
have  an  indefinite  number  of  rays  or  tentaoles:  in  some  spooios  of  the  faiaily 
Iho  expanded  iowor^like  polyp  is  sa  iaoh  or  more  hi  dlaaistar.  Is  tte  J^ndi^ 
drimat  the  polyps  eoslosoe  hi  lines;  thsre  is  a' series  of  moatha  ahmg  the  ecnlio 
of  each  furrow,  and  a  border  of  tentacles  either  side. 

In  the  Milleporm,  as  atated  on  page  lft2,  the  animals  axe  Acaltpk^  aad  aet 
true  polyps. 

Another  oommon  group  of  sorsls  is  ths  J^myis.*  they  hare  the  fonn  ef  hrosd 
siraatsr  or  oblong  disks.  In  msay  of  the  apeoles  the  disk  cerrospeads  to  s 
rfaglo  polypi  sad  hss  a  dlanstsr  la  ssms  sssss  of  tsa  or  twslva  iaehea 
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Corals  of  tho  different  groups  here  mentioned  ^row  together  promiMOiOady  at 
differoDt  depths  up  to  luw-tido  level.  Tho  largest  Attrran,  Meamlriuait,  and 
Porite*,  with  uanjr  J/adreporet  and  other  kinds,  have  been  seen  by  tho  author 
ooattitvUnf  tlie  «pp«r  part  of  tbe  growing  reef.  At  Tongatabo  there  were 
■ingle  ma.«sc8  of  PurUet  twenty-five  feet  in  diameter,  along  with  Attrtm  and 
llefitnln'tia*  ten  to  fifteen  feet.  But,  while  these  different  groups  do  not  corre- 
•pond  to  different  tones  in  depth,  there  are,  without  doubt,  species  in  them  whioh 
Mimg  t«  tba  deeper  water*,  and  othart  to  the  more  ehallow. 

Tha  fiatHm,  and  aoaia  epeelea  of  tiM  Aalrmf  Madrtpnru,  and  Pioeillopotu  groap^ 
eontinue  to  grow  a  little  above  low-tide  levaly  aqaal  to  about  one-third  the 
height  of  the  tide, — as  they  will  cnduro  a  temporary  exposure  to  the  sun  without 
aariotu  injury.  The  Porite*  is  an  especially  hardy  group ;  for  the  corals  suffer 
lees  flroBB  impurity  or  dlt  in  the  watara  than  tbe  qpeelea  of  other  groups. 

AU  tha  raafoforming  ipeeiei  grow  within  the  limit  of  100  feat.  The  JkmirO' 
phyl/itr,  and  a  few  other  kinds  that  grow  at  graatar  daptha,  oontrihnta  bat  litd^ 
to  tho  formation  of  reefs. 

The  polyp-oorals  have  the  power  of  growing  indefinitely  upward,  while 
death  ia  going  on  at  aqoal  rata  either  at  tho  haw  of  the  atmetora  (ai  in  tha 
Boaa  wliieh  peat  ia  made)  or  tiirongh  ita  Interior,  and  an  only  stopped  in 
npward  pri>;;re?!i  by  reaching  the  surface  of  the  water.  The  hemi  pherical 
Aatrtnt,  many  feet  in  diameter,  althouf;h  covered  throughout  with  living 
polyps,  may  be  olive  to  a  depth  of  only  half  or  three-quarters  of  on  inch, 
and  tha  fanga  PorUn  to  a  de^th  of  loaa  than  a  qnartar  of  an  ineht  that  i^ 
aalj  a  thin  axtarior  pottioa  of  tha  mass  ia  really  living. 

Besides  corals  and  shells,  there  are  also  some  kinds  of  calcareous 
vegetation,  called  NviliporeSf  both  branching  and  incnistiiig  in 
form,  which  add  to  the  aocamulation.  They  grow  well  over  the 
edge  of  the  reef,  in  the  face  of  the  breakers,  and  attain  oonsider- 
able  thlckneat. 

Aetkn  iff  the  wavet. — The  waves,  especially  in  their  heavier  move- 
ments, sweeping  over  the  coral  plantaj^ne,  may  be  ai  destructive  as 

winds  over  forests.  They  tear  up  the  corals,  and,  by  incessant  tritu- 
ration, roduco  the  frafiments  to  a  great  extent  to  sand;  and  the 
debris  thus  made  and  ever  making  is  scattered  over  the  bottom, 
or  piled  upon  the  coast  by  the  tide,  or  swept  over  the  lower  j)arts 
of  the  reef  into  the  lagoon.  The  corals  keep  growing,  and  this 
mod  and  the  fragments  go  on  accumulating;  the  consolidation 
of  the  ftagmental  material  makes  the  ordinary  reefHrock.  Thus,  < 
by  the  help  of  the  waves^  a  solid  reef-structure  is  formed  firom 
tho  sjvirsely-growing  oonJs. 

Where  the  corals  are  protected  from  the  waves,  they  grow  np 
bodily  to  tho  surface,  and  make  a  weak,  open  structure,  instead 
of  the  .solid  reef-rock  ;  or,  if  it  be  a  closely-branching  species,  so  ns 
to  be  firm,  it  still  wants  the  compactness  of  the  reef  that  has  been 
formed  amid  the  waves. 
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History  of  the  emerging  reef. — The  growing  corals  and  the  accumu- 
lating debris  reach  at  last  low-tide  level.  The  corals  then  niO}*tly 
die ;  but  the  waves  continue  to  pile  up  on  the  reef  the  sand  and 
pebbles  and  broken  masses  of  coral, — some  of  the  masses  even 
two  or  three  hundred  cubic  feet  in  size, — and  a  field  of  rough 
rocks  begins  to  appear  above  the  waves.  Next  a  beach  is  com- 
pleted, and  the  sands,  now  mostly  above  the  salt  water,  arc  planted 
by  the  waves  with  seeds,  and  trailing  shrubs  spring  up ;  after- 
wards, as  the  soil  deepens,  palms  and  other  trees  rise  into  forests, 
and  the  atoll  comes  forth  finished. 

The  windward  side  of  such  islan<ls  is  the  highest,  because  here 
the  winds  and  waves  act  most  powerfully  ;  and  where  the  leeward 
side  of  one  part  of  the  year  is  the  windward  of  another,  there 
may  not  be  much  difference  between  the  two.  Tho  water  that 
is  driven  by  the  winds  or  tides  over  the  reef  into  the  lagoon 
tend."*,  by  its  escape,  to  keep  one  or  more  passages  open,  which, 
when  sufiSciently  deep,  make  entrances  for  shipping. 

2.  Coral  Reefs. 

The  coral  reefs  around  other  lands  or  islands  rest  on  the  bottom 
along  the  shores.   They  are  either  Jringing  or  barrier  reefs,  according 

Fig.  852. 


8cH;tiuii  uf  bigb  island  wiUi  tMtrrier  ood  friuging  reef*. 


to  their  position.  Fringing  reefs  are  attached  directly  to  the  shore; 
while  barrier  reefs,  like  artificial  moles,  are  separated  from  the 
shore  by  a  channel  of  water. 

Fig.  852  represents  an  island  with  a  fringing  reef  (/)  and  a  bar- 
rier (A),  and  nn  intervening  channel.  Just  to  the  right  of  the  middle 
the  reef  is  wanting,  because  of  the  def»tli  of  water,  and  farther  to 
the  right  there  is  only  a  fringing  reef.  Fig.  8^)4  is  a  map  of  an  island 
with  a  fringing  reef,  and  figs.  855-R57.  others  with  barrier  reefs.  At 
two  points  through  the  barrier  reef  in  fig.  8.')2  there  are  o|)ening8 
to  harbors  (/i).  Such  harbors  are  common,  and  generally  excellent 
The  channels  uniting  them  around  an  island  arc  sometimes  deep 
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enough  tat  ship-navigation,  and  occanonally,  as  off  eastern  Aus- 
tnlia,  Mtf  or  aizty  miles  wide.  On  the  other  hand,  they  may  he 
too  shallow  for  hoats;  in  which  ease  the  harrier>reelb  coalesce  with 
the  fringing  reeft. 

Tlie  })arrior  sometimes  becomes  wooded  for  long  distances,  like 
the  reof  of  an  atoll :  but  usually  the  wooded  portion*  when  there 
is  any  at  all,  in  confined  to  a  few  i-lets. 

The  barrier  and  fringing  reefs  are  formed  precisely  like  the  atoll 
reefs ;  and  special  explanations  are  needless. 

The  absencQ  of  reefs  from  partu  of  coasto  of  islands  within  coral-reef  seat 
to  dae  to  several  «msM:— (1)  to  the  depth  of  water,  for  eoralf  fitil  if  the  dopth 
exceeds  one  hundred  feet;  (2)  to  fresh-wttor  ■traamsy  oipcdally  if  bringing  in 

detr>tu!<,  wliirh  destroys  the  living  coral.-" ;  as  such  fro.<h  waters  fluw  over  tho 
surface  of  tho  salt,  thoy  do  not  prt'vcnt  tho  corals  from  growing  below,  unless 
impuro  with  detritus;  {'.i)  tidul  and  other  curruutu  which  keep  patuiagcs  open, 
bj  Boanf  of  tho  dotritiu  thoy  often  boar  along  their  eourse.  These  are  Um 
principal  causes  that  prerent  tho  harbors  from  beoomiag  filled  with  corals  and 
thereby  dcstr"yc<l. 

Tho  growth  ol  tho  different  parts  of  a  reef,  or  its  prolongation  in  onn  direc- 
tion or  another,  depends  much  on  the  tidal  and  other  currents  tliat  sweep 
thvoogh  tho  ohanael  or  by  the  side  of  tho  island.  As  in  tho  ease  of  silt  along 
ethnr  sea-shoreff  the  eond  detritus  made  by  tho  w.ixt  s  is  di.*^tributcd  by  these 
currentM;  and  hence  tho  increase  of  n  roi-f  i«  not  dependent  solely  on  tile  number 
of  growing  corals  over  its  surface,  or  their  kinds. 

Brradth  of  reefs. — The  reefs  adjoining  lands  have  sometimes  ^reat 
witlth.  On  the  north  sideof  tlu»  Feejees  the  reef-grouiuls  are  five  to 
fifttM'ii  miles  in  wiilth.  In  New  Caledonia  they  extend  one  hun- 
dro<l  and  tilty  miles  north  of  the  island,  and  filly  south,  makin^r  a 
tot^l  length  of  four  liundred  miles.  Along  northeastern  Australia 
they  stretch  on,  although  with  many  interruptions,  for  one  thou- 
aand  miles,  and  often  at  a  distance,  as  just  stated,  of  fifty  or  sixty 
miles  from  the  coast,  with  a  depth  between  of  fifty  or  sixty  fathoms. 
But  the  reefs  as  they  appear  at  the  surface,  even  oyer  the  widest 
reef-grounds,  are  in  patches,  seldom  over  a  mile  or  two  broad. 
The  patches  of  a  sin^rle  reef-jrroun<l  are,  however,  connected  by  the 
coral  basement  beneath  them,  which  is  struck,  in  sounding,  at  a 
depth  usually  a{  t<  n  to  forty  or  fifty  feet. 

The  tnmsitiun  in  the  inner  chiinnels  from  a  bottom  of  coral  detri- 
Um  to  one  of  common  mud  or  earth,  derived  Irom  the  hills  of  the 
encircled  island,  is  often  very  abrupt.  Streams  from  the  land  bring 
in  this  mud  and  distribute  it  according  to  their  courses  through 
the  channels. 

SnUdbteu  of  reefi. — The  thickness  of  a  coral  formation  is  often 
Tery  great.   From  soundings  within  a  short  distance  of  coral 
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islands,  it  is  certain  that  this  thickness  is  in  some  cases  thousands 
of  feet.  Within  three-quarters  of  a  milo  of  Clermont  Tonnerre, 
in  a  sounding  made  by  Hudson,  the  lead  struck  and  brought  up  an 
instant  at  two  thousand  feet,  and  then  fell  off  and  ran  out  to  three 
thousand  six  hundred  feet  without  finding  bottom ;  and  seven  miles 
from  the  same  island  no  bottom  was  found  at  six  thousand  feet. 

The  barrier-reefs  remote  from  an  island  must  stand  in  deep 
water.  Supposing  the  slope  of  the  bottom  at  the  Gambier  Islandi^ 
only  five  degrees,  we  find,  by  a  simple  calculation,  that  the  reef  has 
a  thickness  of  twelve  hundred  feet.  In  a  similar  manner,  wc  learn 
that  it  must  be  at  least  two  hundred  and  fifty  feet  at  Tahiti,  and 
two  or  three  thousand  at  the  Fecyees. 

3.  Origin  op  the  Forms  op  Reefs, — the  Atoll  and  the  distakt 

Barrier. 

The  origin  of  the  atoll  form  of  reefs  was  first  explained  by  the 
geological  traveller  Charles  Darwin.  According  to  the  theory,  each 
atoll  began  as  a  fringing  reef  around  an  ordinary  island;  and  the 
slow  sinking  of  the  island  till  it  disappeared,  while  the  reef  con- 
tinued to  grow  upward,  left  the  reef  at  the  surface  a  ring  of  coral 
around  a  lake. 

The  proofs  are — 

1.  As  corals  grow  only  within  depths  not  greater  than  one  hun- 
dred feet,  the  bottom  on  which  they  began  must  have  been  no 
deeper  than  this;  and,  as  such  a  shallow  depth  is  to  be  found,  with 
rare  exceptions,  only  around  the  shores  of  lands  or  islands,  the  reef 
formed  would  be  at  first  nothing  but  a  fringing  reef. 

2.  A  fringing  reef  being  the  first  step  in  coral  formations,  slow 
subsidence  would  make  it  a  barrier-reet 

In  fig.  853  a  section  of  a  high  island  with  its  coral  reefs  is  repre- 

Fig.  853. 


Soctioa  of  an  island  bordered  hj  a  coral  re«(;  to  iUnttrate  the  effect*  of  •  ratxidanee. 

sented,  the  horizontal  line  1  being  the  level  of  the  sea,  /  a  section 
of  the  fringing  reef  on  the  left,  and     of  the  reef  on  the  right. 
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The  gyoirSng  reef  depends  for  its  upward  progress  on  the  growth 
of  the  eoxal,  end  the  weves.  The  weves  eet  only  on  the  ontor 
mai^  of*  reef,  while  the  dirt  and  fresh  water  of  the  land  directly 
retard  ^e  inner  part.  Henoe  the  outer  portion  would  increase 
the  most  rapidly,  and  would  retain  itself  at  the  surfiwe  during  a 
slow  subsidence  that  would  submerge  the  inner  portion.  The  first 
step,  therefore,  in  such  a  subsidonoo  is  to  change  a  fringing  reef 
into  a  barrier-reel'  (or  one  with  a  channel  of  water  separating  it  from 
the  shore).  The  continued  subsidence  would  widen  and  deej)en 
this  channel ;  then,  as  the  island  began  to  disappear,  the  channel 
would  become  a  lake  with  a  few  peaks  above  its  surface ;  then  a 
single  peak  of  the  old  land  might  be  all  that  was  left ;  and  finally 
this  would  disappear,  and  the  coral  reef  come  forth  an  atoll  with 
its  lagoon  complete. 

Referring  again  to  the  figure:  if  in  the  subsidence  the  hori- 
zontal line  2  become  the  sea-level,  the  former  fringing  reef  /  is 
now  at  b,  a  barrier  reef,  and  /'  is  at  6^,  and  cA.  r/,\  ch'^  are  sec- 
tions of  parts  of  the  broad  channel  or  area  ot  water  within  ;  over 
one  of  the  peaks,  P,  of  the  hinking  island,  there  is  an  islet  of 
coral  i:  when  the  subsidenoe  has  made  the  horizontal  line  3 
the  sea-level,  the  former  land  has  wholly  disappeared,  leaving 
the  barrier-reef  I,  V  alone  at  the  suHkoe  around  a  lagoon  HI, 
with  an  idet,  ii,  over  the  peak  T,  which  was  the  last  point  to  dis- 
appear. 

These  steps  are  well  illustrated  at  the  Feejees.  The  island  Gozo 
(fig.  854)  has  a  fringing  reef  ;  Augau  (fig.  855),  a  barrier;  Exploring 
Isles  (fig.  85G),  a  very  distant 
barrier,  with  a  few  islets ;  Nu- 
muku  (fig.  857),  a  lake  with  a 
single  rock.  The  disappcaiv 
anoe  of  this  last  rock  would 
make  the  island  a  true  atoll. 

Whenever  the  subsidence 
ceases,  the  waves  build  up  the 
lan<l  above  the  reach  of  the 
tides,  seeds  take  root,  and  the 
reef  becomes  covered  with  fo- 
liage. 

The  atoU  Henohikoff  (fig.  850)  was  evidently  formed,  as  ex- 
plained by  Darwin,  about  a  high  island  consisting  of  two  distinct 
ridges  or  clusters  of  summits,  like  Haul  and  Oahu  in  the  Hawaian 
group. 

If  the  subsidence  be  still  continued  after  the  formation  of  the 


Figs.  834-857. 
M 


UkumSa  of  Um  F«^m  gro^:  ft(.  8M,  Qos»; 
855,  AnfM;  MS,  Biploriag  Ul«s  air,Nii> 

muko. 
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atoll,  the  coral  ishmd  will  gradually  diminiah  its  diameter,  antO 
finally  it  nuiy  be  reduced  to  a  mere  aaiid4Muik  or  become  sub* 
merged  in  the  depths  of  the  ooean. 

The  fate  of  rabildenee  required  to  produee^  tbeae  retalU  eannot  exceed  ^ 
lato  of  npward  increaie  of  tbc  roef-gruuml.  On  pege  Ml  eoue  eetioiatet  aie 
given  with  rc}»ard  to  the  cxpccirnr,'  si  ■wne.^s  «»f  the  movnnrnt.* 

As  coral  debris  is  di:*triluiteil  by  the  Wttvcs  and  currents  according  to  the 
same  laws  that  govern  the  depusitiun  of  silt  on  sea-cuajit-s  ii  dues  not  noceMa- 
rOy  follow  that  the  exttteaoe  of  a  reef  ia  the  form  of  a  barrier  ia  evideaee  of  sab> 
tidcncc  in  that  rc;;ion.  Ob  page  tt2  the  existence  uf  sand-barriert  of  similar 
popitinn  i-*  chiiwn  t<>  be  a  commim  feature  uf  cuasts  like  that  of  eastern  N  rth 
America.  In  the  caiies  uf  the  barrier;}  about  the  islands  uf  the  Pacific,  however, 
there  is  no  question  on  thiti  point.  Saeh  harriers  do  not  form  about  so  small 
islands.  Horeo«'er,  the  great  dlstanees  of  the  reefs  IVom  the  shoies,  ta  many 
eases,  and  the  existence  cf  ishnxis  rrjiresenting  all  the  Btcp.<«  between  that  with 
a  frin<;inp  reef  and  the  true  at  11,  Ic.ivo  no  ri>oin  for  doubt.  The  rcoiKtencM 
of  the  Australian  barrier  frum  the  cuutincnt,  and  the  great  depth  of  water  is 
the  wide  channel,  show  thai  this  reef  is  unqnestiMiable  proof  of  a  aahsidsBeei— 
though  it  is  not  easj  to  determine  the  amount.  Along  the  shores  of  eontiacats 
the  (jucstion  whether  a  barrier  coral  reef  is  evidence  of  subsidence  or  not  muct 
be  decided  by  the  facts  connected  with  each  special  case.   (See  Appendix  £.) 

ReeapitulaHon. — ^The  following  are  some  of  the  points  conneetsd 
with  the  formation  of  limestone  strata  illustrated  by  coral  reefer— 

1.  The  narrow  geographical  limits  of  ooral«reef  rodcs  at  the  pit' 
tent  tirno  ou-in;:  to  tho  oxistin;;  zonos  of  oroaiiir  tcmp*»rjiture. 

2.  Tho  narrow  limit  in  depth  of  the  reef-malcing  corals,— it  not 
exccodin-^  1<MI  toct. 

3.  Tlio  jiromisouous  growtli  oftlie  corals  nvor  tlie  roof-grminfl<. 

4.  The  perfect  compactness  and  freedom  lioui  fossiU  of  a  largt' 
proportion  of  the  coral  rock,  although  made  within  a  few  himdred 
feet  of  living  corals  and  shells ;  the  oolitic  stmotore  of  part  of  tbii 
compact  kind ;  while  a  variety  made  of  broken  corals  cemented 
togi  tlior  is  common  on  tho  seaward  side  of  a  reef,  and  another, 
made  of  standing  corals  with  tlie  interstices  filled, forms  where  there 
Is  shelter  from  tho  ocean's  wavcft. 

5.  The  aid  of  the  waves  of  tlie  ocean  necessary  for  malcing  a 


•  For  further  information  on  the  snbjcet  of  Corals  and  Coral  Tsl.in'ls  the 
reader  may  refer  to  the  author's  Explorinp  Expeditiiin  Report  on  Z'")pbvtf«. 
740  pp.  4tu  and  Gl  plates  in  folio,  1846,  and  tu  the  chapter  on  the  Formation 
of  Coral  Reefs  and  Islands  in  his  Exploring  Expedition  Oeologieal  Bepoit, 
75S  pp.  4to  and  21  pi.  fbl.,  1849;  also  to  Darwin  on  the  Struetitre  and  Distri- 
bution of  Coral  Reefs,  214  pp.  f^vo.  with  maps  and  illuatratloB^  London,  IMSf 
also  to  a  memoir  by  Professor  Agassis, 
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■olid  limMlone  out  of  conls  or  ordinary  nuurme  sheUs,  and  h«nfle 
their  formation  at  great  depths  impossible. 

6.  The  great  extent  and  thickness  of  single  reefii. 

7.  The  action  of  tidal  currents  and  those  arising  from  the  fuling 

in  of  the  waves  during  stormy  weatli-  r,  in  keeping  open  ohan« 
nels  and  harbors,  and  determining  the  distribution  of  the  coral 

detritus. 

H.  The  close  j»roximity.  along  shores  bordered  by  barrier-reefs, 
of  deposits  of  coral  material,  and  deposits  of  river  or  ordinary  shore 
detritus. 

9.  An  exceedingly  slovr  snbsidenoe  in  progress  daring  the  growth 
of  the  corals  the  cause  of  the  change  t>f  a  fringing  reef  into  a 

barrier,  and  ultimately  into  an  atoll. 

10.  The  necessity  of  this  subsidence  for  giving  great  thickness 
to  such  limestones. 


II.  COHESIVE  ATTRACTION— CRYSTALLIZATION. 

The  power  of  ooheston  acting  in  solidification  and  that  in  crys- 
tallisation appear  to  be  identical.  Snow,  ice.  bar-iron,  trap,  grap 
nite,  and  even  solid  spermaceti,  are  crystallised  in  their  intimate 
structure.   Iron  and  granite  show  it  in  the  angular  grains  which 

make  up  the  mass,  and  which  may  be  observed  on  a  surface  of 
fracture;  and  ice,  in  the  frosty  covering  of  windows,  and  the  prisms 
whirh  shoot  across  a  surl";i(  <>  on  IVoo/.ing.  as  wfll  as  in  the  vertical 
columns  into  which  it  sonn  liincs  breaks  when  the  ice  of  a  pond 
melts  in  spring.  Quartz  exhibits  it  in  its  prismatic  and  pyramidal 
crystals  (p.  55).  The  fiust  can  thui  be  proved  for  all  mineral 
solids,  except  it  be  those  of  a  i^assy  nature ;  and  even  these  are 
probably  no  exception  to  the  principle  that  solidification  is  crystal- 
lization. 

Crystallization  i-^  exhibite<i  (1)  in  the  angular  solids  it  produoet, 
called  crystals,  and  (2)  in  a  tendency  to  cleave  or  divide  in  one  or 
more  directions,  called  cleavage. 

Cn/sUi/.s. — Some  of  the  forms  of  crystals  are  illustrated  on  the 

early  pages  of  this  work  (pp.  55-C5).    Crystals  are  formed  when 

mbetances  cool  from  fluion  (as  when  melted  sulphnr  oools) ;  or 

solidify  from  solution  (as  in  the  evaporation  of  a  solution  of  alum) ; 

or  become  condensed  from  the  state  of  vapor  (as  in  the  formation 

3f  snow  from  vapor  of  water).    But  it  is  re<|uisite  usually  for  per- 

fectaon  that  the  process  should  go  forward  with  extreme  slowness. 

free  fr^m  all  disturbing  causes,  and  with  space  for  the  crystals  to 

41 
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«qMUid.  GBvitiet  in  rooks  are  often  lined  with  eryBtali,  while  the 
lOdc  itself  is  but  a  compact  mass  of  crystalline  grains. 

Long-continued  lieat,  short  of  fusion,  favoring  a  slo\r  aggrega- 
tion of  tho  particles,  sometimes  produces  crystals,  or  a  crystalline 
structure.  Ilt'.iting  steel  to  ii  certain  temperiiture  changes  the 
fineness  of  the  grains, — which  is  a  change  of  crystalline  texture 
without  fusion. 

Ofaaw^.~CleAvage  is  nsoally  parallel  to  one  or  more  planes  or 
diagonals  of  the  fundamental  form. 

The  minerals  mica  and  gypsum  are  examples  of  very  easy  cleavage. 
QUeite  has  easy  cleavage  in  three  directions  making  a  fixed  angle 

(10')*'  5')  with  one  another  parallel  to  the  faces  of  the  fundamental 
rhombolictlron.  /' A/'j/wr  has  easy  cleavage  in  one  direction,  and  in 
another  a  second  cleavage,  u  little  less  perfect,  at  right  angles,  or 
nearly  so,  with  the  first.    Quartz  has  no  distinct  cleavage. 

CSbow^  m  roeki, — Rocks  may  derive  a  cleavage^tmctare  from 
one  of  the  oonstitaent  minorab.  Thus,  mica  schist  «deaTes  into 
thin  laminte  because  of  the  abnndanoe  of  the  very  deavable  mine- 
ral mica.  Mica  may  give  cleavage  even  to  a  quartz  mck.  Gra- 
nite often  has  a  direction  of  easiest  fracture,  due  to  the  fact  that 
the  feldspar  crystals  have  api)roximately  a  uniform  position  in 
the  rock,  bringing  the  cleavage-planes  into  parallelism. 

Cleavage-structure  must  not  be  confounded  with  the  existence 
of  planes  of  fracture  In  roeks,  called  joints.  Minersl  ooal,  trap, 
sandstone,  often  break  into  angular  blocks ;  but  were  there  true 
cleavage*  the  cleavage-structure  would  be  general  along  some 
one  or  more  fixed  directions  in  the  mass  or  block,  and  not  be 
limited  to  cerhiin  planes  of  fracture.  Cleavage  follows  particular 
directions,  but  not  particular  planes. 

The  cleavage-structure  of  a  rock  like  mica  schist,  due  to  a  ch  av- 
able  mineral,  is  usually  called /olialion,  to  distinguish  this  character 
from  datjf  deavage  (see  p.  101). 

Cbnentiofwpy  alrudure, — Ezamplea  of  conoretioiiary  forms  are 
given  on  pages  96-09.  There  is  a  general  tendenoy  in  mattes 
to  ooncrete  around  centres,  whether  solidifying  from  fusion,  solu- 
tion, or  vapors.  These  centres  maybe  determined  (1)  by  foreign 
substances  wliich  act  as  nuclei,  or  (2)  by  the  circumstances  of 
solidification,  which,  according  to  a  general  law,  favor  a  commence- 
ment of  the  process  at  certain  points  in  the  mass  assumed  at  th^ 
time.  Am  the  solidifying  oonditmn  Is  just  being  reached,  lnst<wl 
of  the  whole  simultaneously  concreting»  the  process  generally  be* 
gins  at  points  through  the  mass,  and  these  points  are  the  eentres 
of  the  ooncretions  into  which  the  mass  solidifies. 
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The  concretions  in  the  same  mass  are  usually  noarly  equal: 
henoe  (3)  the  points  at  which  soUdifio^tton  in  any  special  case 
begins  are  nsoally  nearly  equidistant.  The  great  unifonnity  of 
sise  In  the  concretions  of  most  beds  of  rOck  shows  that  foreign 
bodies  do  not  generally  determine  tiie  positions  of  the  centres, 
although  thoy  often  act  as  nuclei. 

Bawvltio  columns  are  a  result  of  conorotionnry  structure  formed 
in  cooling  (p.  98),  in  accordance  with  tho  principles  just  ex- 
plained: each  column  corresponds  to  separate  concretionary 
action.  The  size  of  tho  columns  is  determined  by  the  distance 
apart  of  the  pohits  which  take  the  lead  (these  points  lying  in  the 
centres  of  the  columns) ;  and  this  is  determined  by  the  rate  of 
cooling ;  and  this,  mainly,  by  the  thickness  of  the  mass  to  be 
cocked :  the  thicker  the  mass,  the  larger  the  columns.  The  cracks 
separating  the  columns  from  one  another  are  due  to  contraction 
on  cooling. 

Iron-stone,  jtandstone,  and  clayey  concn  tions  in  beds  of  rock,  are 
examples  in  which  the  concreting  is  due  to  a  mineral  solution 
penetruiiug  a  stratum  of  clay  or  sand.  A  solution  containing 
irilioa  would  make  siUceous  concretions :  so  also  carbonate  of  lime 
in  solution,  or  a  furruginous  solution,  may  be  the  concreting  agent. 
In  either  esse  the  process  is  as  has  been  explained:  the  distances 
between  the  centres,  b.  ing  first  fixed  in  t)i>-  concreting  process, 
determine  tlie  size  of  the  concretions,  and  the  equality  of  these 
distances  the  uniformity  of  size. 

Sphcrirat  and  Jltitirmil  mnrrction.i. — A  mineral  solution  (or  any 
liquid)  naturally  sj)reacls  eipially  in  all  directions  through  a  sandy 
or  earthy  stratum,  and  makes,  therefore,  spherical  concretions ;  but 
in  *  clay^  rock  it  spreads  laterally  most  rapidly,  and  so  leads  to 
flattened  concretions.  The  Tcrtiosl  and  horixontal  diameters  of 
the  concretions  will  be  to  one  anothw  as  the  rate  of  spreading  in 
tho  two  directions. 

JIoUow  concretions. — Flattened  rings. — In  a  concretionary  mass,  the 
drying  of  the  exterior  by  absorption  around  may  lead  to  its  con- 
creting first.  It  then  forms  a  shell  with  a  wet  unsolidilied  interior. 
The  drying  of  the  interior,  since  the  shell  is  unyielding,  contracts 
it,  and  consequently  it  becomes  much  cracked,  as  in  figs.  72,  73; 
or,  if  the  interior  undergoes  no  solidification,  it  may  remain  as 
looee  earth ;  or,  if  it  solidify  at  the  centre  by  the  concreting  pro- 
oesa  before  the  shell  forms,  or  after,  it  may  form  a  ball  within  a 
shell,  with  loose  earth  between. 

The  circumstances  that  would  produce  hollow  balls  among  sphe- 
roidal concretions  produce  rings  among  flattened  concretions  or  in 
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clayey  layers.  They  arise  from  the  solidification  commencing  first 
anmnd  the  ^^Nsomfereno^  of  the  concretions,  and  then  the  drde 
thus  begun  acting  as  a  nucleus  about  which  the  concreting  is  con- 
tinued. 

m.  THE  ATMOSPHERE. 

Tho  following  are  some  of  the  mechanical  efiects  connected  with 
the  niovement;*  of  the  atniosplu'n*. 

1.  Destructive  ejfi'cts  from  tlw  trait\j>'iriii(ion  of  sau'i.  ilust,  ttr. — The 
streets  of  most  citieM,  iis  well  us  the  roads  of  the  country,  in  u  dry 
summer  day,  afford  examples  of  the  drift  of  dust  by  the  winds. 
The  dust  is  borne  most  abundantly  in  the  direction  of  the  prcrs* 
lenC  winds,  and  may  in  the  course  of  time  make  deep  beds.  The 
dust  that  finds  its  way  through  the  windows  into  a  n^ected  room 
indicates  what  may  be  done  in  the  progress  of  centuries  where  ci^ 
oumstanoes  are  more  favorable. 

Tlie  moving  sands  of  a  ch>9ert  or  sea^oast  are  tho  more  important 
exumjjies  of  this  kind  of  action. 

On  Hea-shotcs,  where  there  is  a  sea-beaeh,  tlie  loose  Bands  com- 
posing it  are  driven  inland  by  the  winds  into  parallel  ridges  higher 
than  tiie  beach,  forming  drift-iond  hilb.  They  are  grouped  some* 
what  irregularly,  owing  to  the  course  of  the  wind  among  them,  sad 
little  inequalities  of  compactness  or  protection  from  vegetation. 
They  form  especially  (1)  wlicre  the  sand  is  almost  purely  siliceous, 
and  therefore  not  at  all  adhesive  even  when  wet.  and  not  goo<l  for 
giving  root  to  grasses  ;  and  (2)  on  windward  eoast-<.  Thoy  are  com- 
mon on  the  windward  side,  and  e^^pecially  the  projecting  iwints, 
even  of  a  coral  island,  htit  never  oei  ur  on  tiie  leeward  side,  unless 
this  side  is  tiie  windward  during  some  portion  of  the  year.  On  the 
north  side  of  Oahu  they  are  thirty  feet  high  and  made  of  coral  sand. 
Some  of  them,  whidi  stand  still  higher  (owing  to  an  elevation  of 
the  island),  have  been  solidified,  and  they  show,  where  cut  throaty 
that  they  consist  of  thin  layers  lapping  over  one  another;  and  they 
evince  also,  hy  the  abrupt  changes  of  direction  in  the  layers  (see 
fig.  <)!/),  that  tho  growing  hill  was  often  cut  partly  <lown  or  through 
by  storms,  and  again  and  again  completed  itself  after  such  dis;ist<M<. 

This  style  of  lamination  and  irregularity  is  characteristic  of  tli»' 
driftrsand  hills  of  all  coasts.  On  the  southern  shore  of  \joug  I?lan<i 
there  are  seriesof  sand-hills  of  the  kind  described,  extending  along 
for  one  hundred  miles,  and  five  to  thurty  feet  high.  They  are  pa^ 
tlally  anchored  by  straggling  tufts  of  grass.  The  coast  of  New  Jerwy 
down  to  the  Chesapeake  is  simikrly  ftonted  by  sand-hills.  In  Nor 
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folk.  Englan<l,  between  Hunstanton  and  Weybourne,  the  sand-hills 
are  iilty  to  sixty  feet  high. 

2.  AddiAom  to  land  mem*  qf  dri/tFMmU.—Th»  drift-smd  hOk  are 
*  means  of  recovariiig  lands  from  the  sea.  The  appearanoe  of  a 
bank  at  the  water's  edge  off  an  estuary  at  the  mouth  of  a  stream  is 
followed  by  tlio  forniution  of  a  Ix  ach,  and  then  tiie  raising  of  the 
hilb  of  sand  by  the  winds,  which  enlarge  till  they  sometimes  close 
up  the  estuary,  exclude  the  tides,  and  thus  aid  in  the  recovery  of 
the  land  by  t\io  depositions  of  the  river-<l('tritus.  LyoU  observes 
that  at  Yarmouth,  England,  thousands  of  aon-s  of  cultivated  land 
have  thus  been  gained  from  a  former  estuary.  In  ail  such  resulta 
the  action  of  the  wares  in  first  forming  the  beach  is  a  rery  import- 
ant part  of  the  whole. 

3.  J>ulntetiv«  ^eett  ^  dr^l-9(mdt. — Jkme», — Dunes  are  regtons  of 
loose  drift-f«and  near  the  sea.  -  In  Norfolk,  England,  between  Hun- 
stanton and  W^boiirne,  the  drift-sands  haye  travelled  inland 
witli  groat  destructive  effects,  burying  farms  and  houses.  Tliey 
reach,  however,  but  a  fow  miles  from  the  coast-line,  and  were  it  not 
that  the  sea-shore  itself  is  being  undermined  by  tlie  waves,  and  is 
thus  moving  landward,  the  effects  would  soon  reach  their  limit. 

In  the  desert  latitudes,  drift-sands  are  more  extended  in  their 
effects. 

4.  Dutt^hmoen. — Sands  are  sometimes  taken  up  by  whirlwinds  or 
in  heavy  gales  into  the  higher  regions  of  the  atmosphere  and 

transported  to  great  distances. 

In  1812,  volcanic  a-shes  were  carried  from  the  i.sland  of  St. Vincent 
to  Barbadoos,  ftO  to  70  miles  ;  and  in  ISlif),  from  the  volcano  of  Co- 
seguina  in  Guatemala  to  Jamaica,  H(K)  miles. 

Showers  of  grayish  and  reddish  dust  sometimes  fall  on  vessels  in 
the  Atlantic  off  the  African  coast,  and  over  southern  Europe ;  and 
when  they  come  down  with  rain  they  produce  "blood^rains." 
Ebrenberg  has  found  that  the  dust  of  these  showers  is  to  a  great 
extent  made  up  of  microsoopio  organisms.*  The  figures  on  the 
acyoining  page  represent  the  species  from  a  sinude  shower  which 
camo  down  about  Lyons  on  October  17,  1846.  The  amount  which 
fell  at  tlie  time  was  estimated  by  Ebrenberg  at  720,000  lbs.  ;  and 
about  one-eighth  consisted  of  these  organisms,  making  90,000  lbs. 
of  them. 

The  species  fig^ured  by  EhrenWrp  include  thirty-nine  species  of  piliceous  Di- 
atoms (figs*  1-06J ;  twentjr-five  of  what  be  calls  Pbytolitbaria,  only  a  few  of 


*  See  his  work  entitled  Fsssst-staub  und  Blut-regen,"  4to,  1847^  and  Aoisr. 
lear.  Sei.  [2]  zi.  373. 
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Whkh  are  here  given  (figs.  «»-T8),  bwMM  thnt  ot  Bhiwpodfc  Tfco 
tb«  Platoms  an  at  follow 

Figs.  1-78  (S5S-9:{6). 
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11,  OampjfMU»eu$  Clgpetu;  IS,  14, 16^  Oow^omewui  yrueiU/  16, 17,  Cbeeo»«iM 
tomutMrn  {notgraci'U);  18,  C.  Lutmla  ;  19,20,  Eunoliaiomgicomu  ;  21,22,^.  lon- 
ffieornit  ;  23,  E.  Argut ;  24,  E.  lonyironiiB  ;  26,  E.  «/rannlnta  f  ;  2»5,  E.  zebrina  f 
{Argut  T)  ;  27,  E.  MoHodun  f  ;  2S-32,  E.  ampkioxtft  (31,  cum  ocario)  /  33, 34,  E. 
§Mtrula;  35,  S.  wthriitaf ;  36,  aimoMidiwKt  Mj/gedomf;  37,  Smmotia  gihba/ 
38,  E.  trktemtmtat  89,  SuiuHiaf  fern*/  40,  EimtmtidiMm  Arcut;  41,  42,  7a5el- 
larin  ;  43,  Frncfflarin  pt'nnata  f ;  44,  Coccohtm  lineata ;  45,  C  atmo»jthrnca  ; 
46,  Nacicula  Bacillum  ;  47,  ^V.  amphitury*  ;  48,  49,  A'^,  Semrn  :  60,  A^.  luuolatnf; 
61,  PiuHHlaria  bortalia  ;  52,  P.  virxdvUt  ;  53,  /*.  viri(li$  ;  64,  i^  Ueniata  ;  65,  i*. 
mfmdiaff  56,  AiWrcUa  Cruticmlat  j  57,68,  S^uedm  Uhms  69,  60, '/"rai^iYaWa 
fiimaiuf  /  61,  <7mMm<il(;pi«r«  I  poratMat/  63-66>  doobtfiiL 

A  shower  which  happened  near  the  Gape  Verdes,  and  has  been 
described  by  Darwin,  had  by  his  estimate  a  breadth  of  more  than 

1600  mil  OS,-— or,  according  to  Tuckey,  of  1800  miles, — ond  reached  800 
or  irMio  milos  from  the  coast  of  Africa.  These  numbers  give  an  area 
of  moro  tliaii  a  million  of  square  miles. 

Dust  from  a  sliouci-  over  Italy  in  ISO?)  nfl'ordod  Ehronborg  forty- 
nine  species  of  organisms,  and  imother  in  LS13  over  Caiubrm,  sixty- 
four  species ;  and  the  two  had  twenty-eight  species  in  common. 

In  1755,  there  was  a  "blood-rain"  near  Lago  Maggiore  in  n<Nrthem 
Italy,  covering  about  200  square  leagues;  and  at  the  same  time 
nine  feet  of  reddish  snow  fell  on  the  Alps.  The  earthy  deposit  in 
some  places  was  an  inch  deep,  Suppo;*in<»  it  to  average  but  two 
lines  in  depth,  it  would  he  for  each  sfjuarc  Knglish  nii!.'  an  amount 
equal  to  27tH>  cubic  Icct.  Tiie  red  color  of  the  *'  bioo<i-rum"  is  owing 
to  the  presence  of  some  red  oxyd  of  iron. 

Ehrenberg  enumerates  a  very  large  number  of  these  showers,  re- 
ferring to  Homer's  Iliad  for  one  of  the  earliest  known,  and  asks, 
With  such  ftots  before  us,  how  many  thousand  millions  of  hundred- 
weight of  microscopic  organisms  have  reached  the  earth  since  the 
period  of  Homer?  The  whole  number  of  species  made  out  is 
over  300. 

The  species,  as  far  as  ascertained,  are  not  African  ;  tifli-en  ar«' 
Soutii  American.  But  the  origin  of  the  dust  is  yet  unknown.  The 
lone  in  which  these  showers  occur  covers  southern  Europe  and 
northern  Africa  with  the  acyoining  portion  of  the  Atlantic,  and 
the  corresponding  latitudes  in  western  and  middle  Asia. 

5.  jSnuf-serafcAes.— The  sands  carried  by  the  winds,  when  passing 
over  rocks,  sometimes  wear  them  smooth,  or  cover  the  surface 
with  scratches  and  furrows,  as  observed  by  Wm.  P.  Blake  over 
granite  rocks  at  the  Pass  of  San  Bernardino  in  California.  Even 
qiiartz  was  polislied.and  garnets  were  left  projecting  upon  pedicels 
of  feldspar.  Limestone  was  so  much  worn  as  to  look  as  if  the  sur- 
fiuse  had  been  removed  by  solution. 


632 


DYNAMICAL  Q&OhOQY. 


6.  Changes  of  atmospJuric  pretnan, — looal  oliuige  of  aAmfltplieiie 
preaniro  firom  *  paaaing  storm  has  an  efl^  on  any  large  body  of 
water  beneath  it,  a  diminution  of  pressure  causing  the  water  di- 
rectly beneath  to  rise  from  the  greater  pressure  elsewhere.  A 
variation  of  one  inch  in  the  mercury  column  of  a  barometer  is 
equivalent  to  13.4  inchos  in  a  column  of  water.  Captain  J.C.  Ross 
lias  ol»>i«'rvf«l  ill  tlic  Art  tic  regions  that  a  change  of  pressure  of  this 
kin<i  was  jaTceptiltU'  in  the  ticK  s.  Obsorvations  tlirough  forty-seven 
days  gave  a  variation  in  the  water  of  nine  inches,  correi>ix>udiug  to  ' 
two-thirds  of  an  inch  in  the  barometer. 

The  wind  during  storms  ijroduoes  sometimes  an  elevation  of  the 
water  in  the  leeward  part  cMf  a  lake  at  the  expense  of  that  in  the 
other,  as  has  often  been  observed  in  the  great  lakes  of  North  Ame- 
rloa.  Qreat  waves  on  the  ocean  and  extraordinary  tides  on  ses- 
coasts  arc  other  effects  of  the  same  cause.  Thesul^ect  of  waves  is 
treated  of  under  the  head  of  WaUr, 

IV.  WATER. 

Subdivisions  of  the  subject. 

1.  Frssh  waters  ;  including  especially  Rivers  and  the  smsUer 
Lakes. 

2.  TheOcBAN;  including  the  larger  lakes,  whether  salt  or  fresh- 
water,— the  general  facts  being  similar,  excepting  such  as  depend 
On  the  tides,  and  the  kind  and  density  of  the  watw. 

3.  Feosin  warns,  or  Glaciers  and  Iceberge. 

1.  FRESH  WATERS. 

The  Supcrjiclal  waters  and  the  Subterranean  may  be  seimraiely 
considered. 

A.  SUPERFICIAL  WATBB8»  OB  BIYBRS. 

1.  General  Observations  on  Rivers. 

1.  Tracer  of  rivers. — Tiie  tVosli  waters  of  the  land  ooni«'  from  the 
vapors  of  the  atmospluM-e,  and  these  are  largely  furni>lu'<l  by  the 
ocean.  They  rise  into  the  upi>er  regions  of  the  atmosphere,  and, 
becraning  condensed  into  dro[)8,  descend  about  the  hills  and  plaiaa, 
and  so  begin  their  geological  work,<-^vity  bemg  the  moving 
power. 

The  amount  of  water  in  a  river  depends  on  (1)  the  extent  of  the 
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region  it  drains ;  (2)  the  amount  of  nun,  mist,  or  snow  of  the  re- 
gion ;  (3)  its  climate,— heat  and  a  dry  atmosphere  increasing  the 
loss  by  evaporation;  (4)  its  geological  nature, — absorbent  and 
cayeraouB  rocks  carrying  off  much  of  the  water;  (5)  its  physical 

features. — a  flat,  open,  iniwooded  country  favoring  evaporation. 

The  annual  discharge  of  the  ilississippi  River  averages  nineteen 
and  a  lialf  trillions  (Ut,r,00,0()(l.rMM),U(H))  of  cubic  feet,  varying  from 
eleven  trillions  in  dry  years  to  twenty-seven  trillions  in  wet  years. 
This  amount  b  about  one-quarter  of  tiiat  fiimished  by  the  rains.  Iliis 
river  is  3500  feet  wide  at  St.  Loois,  4000  off  the  Ohio,  and  about 
2S0O  nt  New  Orleans. 

Ths  mMU  annnsl  disdiaix*  of  the  MtoMwrl  Rlrwr  ti  abont  three  an4  thi«»> 
qoarter  trUlton^or  J^ftttn-kmmdredth*  of  the  amount  of  the  rains  over  the  region* 
The  corresponding  amount  for  the  Ohio  is  Ave  trillions,  whieh  is  eee-jeerlsr  the 
amoont  of  rain.   (Uumphreys  A  Abbot) 

The  rivers  of  some  dry  countries,  as  Australia,  are  great  floods  in 
the  rainy  seasons  and  a  >tring  of  i)ools  in  the  dry. 

2.  Afvounl  of  pitch  or  ilcsccnt  in  rivers. — Tlie  average  descent  of  large 
rivers,  excluding  regions  of  cascades,  seldom  exceeds  twelve  inches 
to  a  mile,  and  is  sometimes  but  half  this  amount. 

The  following  facts  on  this  point  are  from  Humphreys  i  Abbot's  Report  on 
the  Miaiiseipirf  Badn.  The  deseent  per  mile  is  given  in  inehesj  L.  etands  for 
the  leNHwelsr  slopes  and  H.  for  the  kSgi-toaier  dope. 


Mississippi  B. 

Mouth  to  MftnphiM  (855  m.) 

L. 

4.S2  in. 

M 

Mouth  to  Cairo  at  mouth  of  Ohio  (1088  m.) 

O.Stl 

a 

Above  the  Missouri  to  source  (1330  m.) 

11.74 

MiasonxIB. 

Month  to  Bt.  Joseph  (484  m.) 

•.24 

M 

St.  Joseph  to  Sioux  City  (358  m.) 

10.32 

M 

Sioux  City  to  Fort  Pierre  (404  m.) 

12.12 

M 

Fort  Pierre  to  Fort  Union  (648  m.) 

13.20 

U 

Port  Union  to  Fort  Benton  (750  m.) 

10.56 

Fort  Benton  is  2644  miles  above  the  mouth  of  the  .Missouri.  The  whole 
Mi^^ouri  from  it«  bighcat  source,  a  distance  of  2908  miles,  has  a  deseent  of 
abeat  6800  Aet,-H»r  28  inehes  per  mile. 

During  floods,  the  pitch  of  the  surface  of  a  stream  is  increased  in 
amount  and  uniformity.  (1.)  The  waters  are  higher  in  the  interior 
of  the  country  than  near  the  ocean,  because  of  the  ea^  discharge 
through  its  mouth.  (2.)  Owing  to  the  height  of  the  waters,  which 
often  cover  the  banks,  the  course  loses  some  of  its  minor  bends, 
and  the  whole  distance  is  therefore  less.  (3.)  The  inequalities  of 
slope  between  the  still  water  and  more  rapid  jjortions  mostly  dis- 
appear.  But  when  the  river  runs  tiirough  a  narrow,  rocky  gorge 
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the  wfttem  above  the  entrance  of  the  gorge  are  partially  held  back, 

and  have  less  slope  during  fVeaheta  than  at  low  water ;  and  conse> 
quently  the  pftch  through  the  course  of  the  gorge  is  increased. 

3.  Flow  of  a  stream. — Tlie  above  causes  affect  directly  the  velocity 
of  the  stream,  as  this  varies  with  the  pitch  and  doi>th  of  water. 
The  budden  expansion  in  size  and  depth  of  a  river-channel,  as 
when  a  lake  intervenes,  also  affects  the  velocity,  often  producing 
aeemingly  a  state  of  nearly  perfect  quiet.  The  water-level  becoBMS 
for  the  interval  nearly  horiiontal.  R.  Bakewell,  Jr^  accounts  for 
the  quiet  at  the  whirlpool  in  the  rapids  below  the  Falls  of  Niagua 
on  the  ground  of  the  great  inoreaseof  depth  and  the  abntpt  expan- 
sion in  breadth. 

The  movement  of  a  stream  is  most  raj>id  near  the  surface  al>ove 
the  line  ot  deepest  water.  The  hottom,  sides,  and  air  retanl  by 
friction  the  layer  in  contact  with  tliem,  and  other  adjoining  layers 
are  retarded  through  the  cohesion  between  the  particles  of  the 
water.  The  velocity  is  greater  the  less  the  extent  of  the  npper 
(or  air)  and  bottom  surfooes, — ^the  surlkces  of  (riotion.  When  two 
streams  unites  the  waters  have  the  surfaces  of  friction  of  <nie 
stream  instead  of  two,  and  there  is  consequently  an  increased  rate 
of  flow;  besides,  owing  to  the  greater  velocity,  the  united  waters 
do  not  occupy  a  space  equal  to  the  sum  of  those  which  they  occu- 
pied before  the  union. 

^  Ths  vsloeitiei  at  cUiiMmit  dapths  ttom  the  snrfkM  to  the  botttna  briag  lepi^ 

sented  by  parallel  lines  drawn  Trom  a  given  base-line, 
if  the  cxtromiticf  of  f  hp!>c  line!«  be  connected  the  curve  Fig.  937. 

obtained  is  a  parabula  wboise  axis  is  parallel  to  the  ^ 
water's  snrfeee  tad  may  be  eone  distanee  below  it, 
and  whose  abscissae  vary  as  tbo  velocities, — a  princi- 
ple first  established  by  Humphrey?  A  Abbot.  The 
form  uf  the  parabula  changes  with  the  changing 
depth  and  other  conditions  of  a  river.  Fig.  937,  from 
the  Boport  of  these  aathors,  shows  the  eorvo  dedneed 
for  the  HIssuaippi  at  mean  height,  ftoai  obsenretions 
made  in  1851  at  rnrrollton  and  Raton  Rnu;rc  :  «  i«  the 
rarfaoe;  h,  the  bottom  ;  a  jr,  the  axis  of  the  parabola.  SSnMHHP 
They  give  other  figures,  representing  the  curve  fur 
low  and  high  water,  and  others  also  as  dodaetloBS  from  eaeh  set  of 
tions.  The  axis,  ur  line  of  greatest  velocity,  is  nearest  the  surface  at  luw  water. 
For  the  methods  of  experiment  in  determinini;  tbr  velocities,  and  for  all  detiil! 
on  this  important  subject,  and  mathematical  formulas  connected  with  it,  refer- 
ence sboald  be  made  to  the  admirable  "  Report  oa  the  Physios  aad  Hjdranlkf 
of  the  Miseisslppi  RiTer,"  by  Captain  Hunphreya  and  Lleatonaat  AbbeC, 
4to,  1861,  based  upon  sun-eys  and  investigations  made  nader  acts  of  Ceagieei^ 
diioetlsg  the  topogzaphioal  and  hydrograpliieal  svrvej  of  the  Delti^  Ao. 
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4.  ISirw  ^  mmui;  i0al0r.--Aoooidi]ig  to  Hopk^ 
niiig  water  yaiMe  as  the  sixth  power  of  the  rekoeitj  i  wo  that  doubling 

the  rate  increases  sixty-four  times  the  force.  If  a  stream  running 
ten  miles  an  hour  would  just  move  a  block  of  five  tons'  weight, 
then  a  current  of  fifteen  miles  would  move  a  similAr  block  of  fifty- 
five  tons ;  one  of  twenty  miles,  a  block  of  three  hundred  and  twenty 
tons;  while  a  current  of  two  miles  an  hour,  or  three  feet  per  second, 
would  move  a  pebble  of  similar  form  only  a  few  ounces  in  weight ; 
at  one  foot  per  second,  gravel ;  at  six  inches,  fine  sand;  at  three 
inches,  fine  day. 

Other  eharaeteristies  of  rirers  are  brought  out  in  the  following 
pages. 

2.  KiCHANICAC  EffF-CTS  OF  RiVERS. 

The  mechanical  effects  of  fireah  waters  are,— 

1.  Erosion,  or  wear. 

2.  Transportation  of  earth,  gravel,  stones,  etc. 

3.  Distribution  of  transported  material,  and  the  formation  of 
fragmental  deposits. 

1.  Brosion. 

1.  Otneral  staUment  of  the  effects  of  erosion. — The  effects  of  erosion 
are  seen,  ftrst,  in  the  imprint  of  the  falling  rain-drop, — a  trifling 
matter  to  most  eyes,  but  not  so  to  the  geologist ;  for  it  remains 
among  the  records  of  the  earliest  and  latest  strata  to  show  that  it 
rained  then  as  now,  and  to  teach  us  where  the  lands  at  the  time 
lay  above  the  ocean.  It  is,  therefore,  a  part  of  the  markings  in 
whkk  the  geographical  history  of  the  globe  is  registered. 

Second,  The  gathering  drops  make  the  rill,  and  the  rill  its  little 
furrow;  rills  combine  into  rivulets,  and  rivulets  make  a  gully 
down  the  hill-side ;  rivulets  unite  to  form  torrents,  and  these  work 
with  accumulating  force,  and  excavate  deep  gorges  in  the  declivi- 
ties. Other  torrents  form  in  the  same  manner  about  the  mountain- 
ridpe.  and  pursue  the  same  work  of  erosion  until  the  slopes  are  a 
series  of  vallej's  and  ridges,  and  the  summit  a  bold  creut  overlook- 
ing the  eroding  waters. 

2.  Progress  of  eroshn  ta  the  formaikn  qf  valleys  or  riser^oNrMS.— The 
mist  and  rains  about  the  higher  parts  of  mountains  are  usually  the 
main  source  of  the  water.  As  the  first-made  streamlets  are  gathei^ 
ing  Into  larger  streams  through  the  course  of  the  descent,  and  are 
largest  below,  the  torrent  has  its  greatest  force  towards  the  bottom 
of  the  declivity,  and  there  the  valley  first  takes  shape  and  size. 

Let  A  fi  (fig.  91^8)  represent  a  protile  of  a  declivity.   As  the  ero- 
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Bion  goes  on,  a  valley  ia  formed  along  /  on  tho  principle  jusi 
stated,  so  that  the  course  of  the  waters  on  tlic  proHle  correspond* 
to  A  /  »i.  At  m,  the  most  of  the  th  scent  of  the  <leclivity  is  made; 
the  waters  have,  therefore,  but  hltU>  eroding  power  at  bottom,  and 
they  tJovv  oti  at  a  miuiU  angle  to  B,  ulung  the  hue  w  B.  At  m,  more- 
over, the  stream,  ceu.sing  to  erode  much  at  bottom,  commences  to 
erode  laterally  during  Drediets,  undermining  the  diflk  on  either  tide 
when  the  rocks  admit  of  it,  thus  widening  the  valley  and  making 
a  *«  flood-phun"  or  bottom-lands"  through  which  the  stream  when 
low  has  its  winding  channel. 

The  river,  in  this  state,  consists  of  its  torrent-portion,  A  m.  and  its 
mer-portmn,  mB.    Along  the  former  a  transverse  section  of  the 


Fig.  038. 


Fig.  939. 


valley  is  approximately  V-shaj»e(l,  and  along  the  hitter  nearly  V- 
sliaped,  or  else  like  a  V  flattened  at  bottom.  Tlu>  i  iver-portion 
usually  exhibits,  even  in  its  incipient  stages,  its  two  j^rominent  elt^ 
ments, — a  river-channel,  occupied  by  the  waters  in  ortlinary  season*, 
and  the  alluvial or  Jhod-grmnd,  which  is  mostly  covered  by  the 
higher  freshets.  The  two  go  together  whenever  the  course  erf'  the 
stream  is  not  over  and  between  rocks  that  do  not  admit  of  mneh 
lateral  erosion  and  a  widening  thereby  of  the  river-valley. 

In  the  farther  progress  of  the  stream,  A  n  o  becomes  the  forrfnh 
portion^  and  o  B  the  twer^poriimi.  Later,  the  valley  oommences  from 
the  summit  A. 

As  the  waters  continue  their  work  of  erosion  about  the  suinniits. 
where  the  mists  and  rains  are  most  abunchint  and  often  almo>i 
perpetual  through  the  year,  the  next  step  is  the  working  down  of 
a  precipice  under  the  summit  or  towards  the  top  of  the  dedirity, 
making  the  course  of  the  waters  A;»  9  B,  and,  later,  A  r «  B.  The 
stresm  in  this  state  has  (1)  a  eeMeai£»>/»orfioM,and  (2)  a  tarrtni-por^;  be- 
sides (3)  its  river-portion.  The  precipices  thus  formed  are  sometimes 
thovisands  of  feet  in  height ;  and  the  waters  often  descend  them  in 
thready  lines  to  unite  below  in  the  torrent.  The  mountain-top  is 
cliiselled  out  by  tln'se  njeans  into  a  narrow,  ere^t-liko  ridge.  hj»oh 
separate  descending  rill  fretjuontly  makes  its  own  recess  in  tiie 
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■ida  of  the  precipice,  and  together  they  may  fiaoe  it  with  a  series  of 
deep  alcoves  and  projecting  buttresses. 

The  next  step  in  the  progressing  erosion  is  the  wearing  away  of 
the  ridge  that  intervenes  between  two  acyoining  valleys.  This 
takes  place  aboat  the  higher  portions  nearest  the  mountain-crest, 
where  the  descending  waters  are  most  abundant.  Gradually  the 
ridge  thins  to  a  crest,  and  tinally  l)t'Cf)nie.s  worn  away  for  some  dis- 
tance, so  that  two  valleys  (or  more  l»y  the  wear  of  more  ridges) 
have  u  common  head.  In  Hg.  A  r«  B  represents  the  course  of 
the  stream,  as  in  fig.  038;  and  A  e  /B  the  eroded  ridge,  which  has 
lost  at  €  much  of  its  height.  The  erosion,  continuing  its  action 
anmnd  tiie  precipitous  sides  of  the  united  head  of  the  valleys,  may 
widen  it  into  a  vast  mountain  amphitheatre. 

This  is  theoretically  the  history  of  valley-making,  and  the  actual 
history  when  the  course  is  not  modified  by  the  structure  of  the  r<  k  ks. 

A  model  of  this  system  of  ero<i<)n  is  often  admirably  worked  out 
in  the  earthy  slopes  along  a  roa<l-side, — the  little  rill  having  its 
cascad«'-iiead,  then  its  torrent-cJiannel,  and  below  its  flat  alluvial 
plain  with  the  winding  rill-channel ;  some  of  the  ridgelets  in  their 
Upper  parts  worn  away  until  two  or  more  little  valleys  coalesce ; 
then  in  some  cases  the  head  of  the  coalesced  valleys  widened  into 
an  amphitheatre,  and  the  walk  fluted  into  a  series  of  alcoves  and 
buttresses. 

The  system  is  illustrated  on  a  pr:inil  .-rale  nn.  iii::  the  old  volcanic  islands  of 
the  Pacific,  where  tlio  slope  of  the  rucks  at  u  -iiiall  iiiij-'Ic  (.'>  ti)  10  cle^rrccs)  from  a 
centre  has  favored  a  regular  development.  On  Mount  Kca  (Hawaii),  nearly 
14,000  feet  bigb,  the  Talleji  extend  abont  h«If«way  to  the  SQmnilt,  baring 
auide  only  this  much  progress  upward  tineo  the  voleano  beeame  extinct.  On 
Tahiti,  the  old  monnttin  is  reduced  to  a  mere  skeleton.  The  valleys  lead  up  to 
nmiihitheutres  bounded  by  procipiccs  of  2000  to  3000  feet,  directly  under  tbe 
peak ;  and  the  ridgos  between  the  valleys,  though  lUOO  to  2000  foet  high,  are 
ndoMd  in  the  interior  to  mere  knifo-^dges,  impaaeable  exeept  is  they  are  balvs- 
traded  by  ibmbbery ;  and  In  Mine  ealea,  adjoining  tbe  eentral  beigbtf,  they  are 
worn  down  to  a  low  wall  or  pinnnrlod  crest,  partially  fcparatinfc  two  of  the 
Tallev.-*.  The  traveller  ascending  one  of  the  valleys  along  the  bed  of  the  ytream 
finds  bimi'elf  at  last  at  the  base  uf  inaccessible  heights,  with  numberless  cascades 
before  hSm  and  a  range  of  bnttresied  walla  of  remarkable  grandeur.*  Some- 
thing of  this  buttreeaed  charaeter  of  preeiplees  is  leen  In  fig.  041. 

The  nature  of  the  rocks  causes  modifications  in  these  results.  If 
there  are  harder  beds  at  intervals  in  the  course  of  the  stream,  or  any 
impediment  to  even  wear,  the  impediment  becomes  the  head  of  a 
waterfall  and  precipice,  whose  height  increases  rapidly  from  the 

*  See  tho  Antbor's  Kq»L  Bzped.  OeoL  Bop.,  p.  SOO,  and  Amor.  Jons.  SeL  [2] 
la.  48»  and  m 
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ibroe  of  the  falling  waten,  until  eome  other  similar  impedimeiil 
below  limits  the  farther  erosion.  Thus  many  waterfalls  and  rapids 
are  made  in  the  cascade-portion  of  a  stream,  and  they  are  not  ab- 
sent from  the  river-portion.  Another  effect  of  this  cause  is  that 
the  stroam  is  set  back  for  some  distance  nhove  a  waterfall,  and  has 
in  this  ji.irt  niore  or  less  extensive  flocxl-phiins. 

If  tlit^  rot  ks  !irt»  in  horizontal  strata  and  easily  worn,  the  waters 
work  rapidly  down  to  the  level  of  the  river-portion,  so  that  the 
osscade  and  torrent  portion  are  eaoh  short  or  are  hardly  distin- 
guishable. The  streamlets  doicending  the  walls  of  such  soft  rodcs 
will  easily  widen  the  head  of  the  Talley  into  an  extensiTe  amphi- 
theatre ;  wliile  in  the  farther  course  of  the  ralley,  beyond  tlie  limit 
of  the  rainy  re^^ion,  the  vallov  may  \>o  only  n  narrow  gorge,  hui>» 
dreds.  or  perliaps  thousands,  of  feet  deep.  Here  in  these  <lef)tha 
the  stream  iin'an<lfrs  through  n  ribbon  of  alluvial  land,  l  ich  in  ver- 
dure at  one  .xi'ason.  and  in  others  mostly  flooded,  Examph's  of  all 
the:>c  peculiaritie.-*  of  river-vulleys  might  be  described  from  among 
the  riveis  of  North  America,  especially  the  streams  of  the  Missis- 
sippi Talley  and  those  of  the  slopes  of  the  Bocky  Mountains,  where 
the  rocks  are  in  general  stratified,  and  usually  not  fkr  from  hoci- 
iontal  in  position. 

Tho  remarkable  cailon  of  the  Colorado,  between  the  meridians  of  and 
116*  W.  long.,  hai  already  been  partly  detorihad  on  p.  iVi  from  ihm  aeoount  fur- 
nished by  Dr.  Newberry.   The  priaoipal  faots  ara  these : — A  length  of  300  milet, 

and  through  tho  whole  nearly  vertical  walls  of  rock,  f^OOO  to  6000  feet  in  height; 
these  rocks  lime.*tonc  nii'I  other  >trata  of  Carboniferous  age,  oilier?  of  older 
Pnlucuzuic,  and  below  thc^o  gcncrully  the  solid  granite,  making  from  JUO  to  1000 
feet  of  the  gorge;  and  in  some  plaeea  the  granite  rising  in  pinnaatei  oal  of  the 
waters  of  the  •treamj  finally,  all  the  tributaries  or  lateral  fitrcams  with  similar 
profound  gorges  or  cha?ms.  Tho  view  represented  in  fij;.  910  was  taken  at 
the  junction  of  tho  Colorado  and  tho  Green  Rivers,  near  the  meridian  of  11.1  J*. 
It  shows  well  the  narrow  and  profound  chasm  in  which  the  waters  of  the  Colo- 
rado flow,  although  not  doing  Justioe  to  the  depth,  which  at  this  plaee  ia  about 
8000  feet.  Some  distance  up  the  stream  the  two  rivers  como  tog^rther,  the  Colo- 
rado fr<»m  far  to  the  ri.rlif,  and  (Jrcen  Klvor  from  the  left ;  and  cvcrywhcr«  over 
the  great  plain  there  arc  tho  profound  lateral  charms  or  side-canons  of  tho  tri- 
hntariea. 

Fig.  941  la  another  view  from  tho  lame  remarkable  region,  tUuotrating  eapo- 
eially  the  side-carlons.    It  is  from  the  excellent  Report  of  Lieutenant  J.  C.  Ires, 

the  commnndcr  of  the  expedition  with  which  Dr.  Newberry  was  connected, 
and  is  one  lunung  many  views  e4ua]iy  grand  and  injitructivc  given  in  this 
Eeport. 

Hawherry  attributes  theae  profound  gorges,  and  beyoad  doaht  eomelty,  ta 

erosion,  each  stream  having  made  its  own  channel.  The clib  SM  Bo  hi  h  thut  in 
general  no  undermining  can  set  bacic  tho  walls  far  enough  to  allow  of  ailurial 
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plains  along  the  bottom,  even  when  the  water  is  not  too  rapid;  and  when  a 
channel  is  cut  in  granite,  lateral  wear  \a  alwii^-8  small. 

In  the  more  distant  part  of  fig.  040  there  is  a  higher  level  of  rook, — the 


Fig.  940. 


CnRon  of  the  Colorado  tiw  it.*  junction  with  Green  River. 


overlying  gypaifcrnus  red  sandstone  (Triaasic  or  Jurassic,  p.  417).  It  is  in 
isolated  table.<«,  and  in  some  place*  in  columns,  needles,  and  towers,  the  greater 
part  of  the  formation  having  been  swept  off  by  erosion,  due  partly  at  least  to 
fresh  waters.  Still  farther  to  the  east,  be^'ond  the  range  of  the  view,  another 
■till  more  elevated  level  is  formed  by  Cretacoous  strata :  the  existing  surface- 
features  are  similar  to  those  of  the  older  red  sandstone. 

Owing  to  the  rapid  increase  of  ratio  in  the  power  of  running 
water  attending  increase  of  velocity,  the  eroding  action  of  water 
during  freshets  becomes  immense. 

Many  examples  are  on  record  of  gorges  himdreds  of  feet  deep 
cut  out  of  the  solid  rock  by  two  or  three  centuries  only  of  work. 
Lyell  mentions  the  case  of  the  Simeto  in  Sicily,  which  had  been 
dammed  up  by  au  eruption  of  lavas  in  1G03.    In  two  and  a  half 
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centuries  it  had  excavated  a  channel  fifty  to  several  hundred  feet 
deep,  and  in  some  parta  forty  to  fifty  feet  wide,  although  the  rock 
is  a  hard  solid  basalt.  The  larger  part  of  the  valleys  of  the  world 
are  formed  entirely  by  running  water.  At  Tahiti,  where  they  are 
one  to  three  thousand  feet  deep,  they  all  terminate*  before  reach- 
ing the  sea,  showing  that  they  have  been  formed  while  the  land  has 
stood,  as  now,  above  the  ocean. 

The  windings  of  the  stream  in  large  alluvial  flats  are  most  nume- 
^rous  where  the  current  is  e.xceedingly  slow ;  for  slight  obstacles 
'change  the  course,  throwing  the  current  from  one  side  to  the 
.^Other.  Between  the  mouth  of  the  Ohio  and  the  Gulf  of  Mexico 
.;'(head  of  the  Passes),  the  length  of  the  Mississippi  is  1U80  miles,  and 
^the  actual  distance  in  a  straight  line  about  500  miles. 
[    Pot-holes  are  incident  to  the  piocoss  of  erosion  when  the  waters 

iow  in  rapids  over  a  bed  of  hard  rocks.  Any  obstacle  causes  the 
aters  to  move  in  a  whirl  and  carry  nround  pebbles  or  stones,  and, 
y  this  grinding  process,  circular  pits  or  basins  are  worn  in  the 
>lid  rock.  The  "  Baain"  in  tiie  Franconia  Notch  (White  Moun- 
lins)  is  a  pot-hole  in  granite,  fifteen  feet  deep  and  twenty  and 
^enty-five  feet  in  its  two  diameters.  There  are  many  pot-holes  at 
•ellows  Falls,  on  the  Connecticut;  others  on  the  White  River,  in 
le  Green  Mountains,  and  elsewhere.  One  of  tliose  on  the  White 
River  is  fifteen  feet  deep  and  eighteen  in  diameter;  another,  twelve 
feet  deep  and  twenty-six  in  diameter. 

^  3.  Flood-plain. — The  facts  connectetl  with  the  flood-plains  derive 
a  special  importance  from  their  bearing  on  the  subject  of  terraces. 

Tbo  br«odth  of  tbo  flood-plain  of  a  stream  depends  (1)  on  the  general  fea- 
tures uf  a  country,  and  (2)  on  tbo  stream's  capability  of  encroacbing  laterally 
on  tbo  hills  cither  side.  In  some  cnscs  this  breadth  is  ten  to  twenty  miles,  and 
even  fifty  miles  alon^  such  riverri  as  tbo  Sacramento.  In  the  cawc  of  thcao  broad 
plain.",  the  valley  is  t>eldom  one  of  erosion  dimply,  but  generally  ntyncUnal  trough. 
When  a  stream  crosses  a  series  of  synclinnl  valleys,  tho  flood-plain  generally  ^ 
expands  as  it  enters  each,  and  contract:*  at  tho  passage  from  one  to  the  other. 

Tho  surface  of  a  flood-plain  is  only  approximately  flut.  (1)  Tho  margin 
along  a  stream  is  often  hi^^hcr  than  tho  part  back  of  it;  (2)  some  portions 
are  frequently  within  tho  reach  of  only  tho  very  highest  freshets;  (3)  others 
arc  quite  low,  and  aro  sometimes  occupied  by  ponds  of  water  or  lagoons 
fed  from  tho  river  by  percolation  through  the  soil.  Tho  variation  of  height 
from  theso  sources  is  often  equal  to  two-thirds  of  tho  whole  average  height 
of  tho  fluod-pluin  above  tho  river.  The  surface  is  sometimes  changed  much 
in  height  during  freshets,  by  tho  wearing  away  of  one  part  and  the  increase 
of  other*. 

The  height  and  pitch  of  tho  flood-plain  are  essentially  that  of  tho  stream  at 
flood-height,  and  will,  therefore,  be  afi'ected  by  the  causes  mentioned  on  page 
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6S3.  It  will  be  eonparatively  low  towards  the  ocean.  It  will  be  4tnlniriirf 
by  any  nltrupt  expansi"n  of  the  rivcr-v;illcy,  hy  which  tho  waters  sprcaJ  l:it«- 
ralijr  to  groat  dist:mcos  and  consequently  havo  diminiabed  vertical  height, 
Converselj,  the  height  will  ht  iBoraawd  bj  a  narrowinx  of  tbo  Talley,  ud 
wpeeially  before  the  entruee  of  a  oontraeted  forge. 

While,  thcrerorc,  there  \a  a  general  parallelism  between  a  stream  ailowviiv 
and  its  fl  iiiil-plain,  there  aro  wide  variutiuns  from  this  parallelism. 

The' occurrence  of  walort'alU  in  the  oourso  of  a  stream  causes  the  flood-plain 
aboTe  to  itaad  at  a  higher  lerd  than  that  below,  equal  at  leaet  to  the  heifbt 
of  the  Un,  and  aonewhat  abova  tbie  height  if  the  fhll  oeeara  in  a  goi|tb 
which  would  sot  the  waters  baA  daring  a  flood. 

If  the  erosion  of  ?onio  thousands  of  years  or  less  deepen  the  bed  of  a  {■(ream 
fifty  feet,  the  flood-plain  would  sink  correspondingly  tu  a  lower  level  j  and 
thn«,  In  the  lapte  of  time,  witbont  other  goographieal  ebengo  than  the  one 
mentioned,  a  terract  would  bo  formed,  some  portion  of  the  old  plain  being 
Irff.  as  wfMiM  naturally  happen,  at  its  former  height.  If  a  waterfall  were 
gradually  obliterated,  the  flood-plain  would  undergo  n  corresponding  chmgc 
If  the  barrier  that  caused  tho  cxiatonce  of  a  lalto  along  a  river  were  removed, 
there  would  be  a  tinklng  of  the  river's  ehaanel,  and  a  einking  bj  enrioe 
alio  of  the  flood-plain.  If  from  any  cause — a  inountnin-alido— a  barrier 
were  thrown  arrosj*  a  ftrenm  and  a  lake  made,  the  flood-waters  would  stand 
at  a  conrespondingly  higher  level  than  before,  and  would  spread  more  widely. 
■Mkfag  new  flood^plMu  above  Hhm  fennor  level.  If  the  progreesiag  erodoD 
be  very  mneh  lees  on  one  part  of  a  ■trenm  then  on  another  (Atna  the  netne 
of  the  country,  or  that  of  (ho  rocka,  etc.),  the  changes  in  the  lavcl  of  the  later 
flood-plain  wouM  have  tho  same  difl^crences.  Small  ^streams  would,  of  c<iurrt-, 
sink  their  channels  by  erosion  less  than  the  largo  ones  to  which  they  art 
tribatary,  provided  the  piteh  be  the  mbm  and  the  bed  eimilar  in  materiel; 
even  a  large  piteh  will  not  often  eompeniate  for  a  verjr  great  diflereaee  in  (he 
amount  of  water. 

These  are  changes  in  tho  flood-plain  which  majr  take  place  from  the  onli- 
nary  incidents  to  which  rivers  are  exposed. 

Finally,  if  a  eontinent  undergo  an  elevaUon,  the  piteb  of  the  river  if  ie* 
ereued  and  now  eroaive  power  is  given  it;  and  with  the  prugrees  of  the  e1eTe> 
(ion  new  flood-plains  would  form  at  lower  and  lower  Ii  vels.  This  siuljcrt  i» 
already  explained  at  length  on  page  5&&.  The  only  ca«o  in  whieh  the  nvet 
•would  not  have  a  greater  piteh  after  aneh  en  elevation  ii  when  the  ooait-rcgiea 
added  by  the  elevation  ilopee  eeaward  at  the  tame  angle  with  thai  ef  the 
•Inam  befon  the  elevatton,  or  at  a  leas  angle  than  thia. 


2.  Transportation  by  rivera. 

The  transporting  power  o{  running  water  is  mentioned  on  page  635. 

The  materials  trnnspnrfrd  aro  (1)  .stones,  pebbles,  sand,  aiui  clay; 
(2)  logs  and  leaves  from  the  forests,  and  sometimes  trees  that  have 
been  torn  up  or  dislodfied  by  the  current;  (3)  molliisks,  wonm. 
insects,  attached  to  the  logs  or  leaves ;  (4)  occasionally  larger  ani- 
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fnab  that  have  been  Barprised  and  drowned  by  freshets,  or  bones 
that  have  been  exhumed  by  the  waters. 

The  fine  earthy  material  deposited  by  streams,  or  their  sediment,  is 

called  sift,  or  (h-friti/s.  In  accordance  witli  tho  law  with  regard  to  the 
transporting  power  of  watt-r.  stones  and  ])(>l>bl<'>  niak<^  the  ht-il  of 
rapid  streams,  and  in  general  earth  or  sill  wht  re  the  current  is  slow. 

The  amount  of  transportation  going  on  over  a  continent  is  be- 
yond calculation.  Streams  are  everywhere  at  work*  rivers  with 
their  large  tributaries  and  their  thousand  little  ones  spreading 
among  all  the  hills  and  to  the  summits  of  every  mountain. 
And  thus  the  whole  surface  of  a  continent  is  on  the  move  towards 
the  oceans.  In  tlie  rainy  seasons  the  stream*!  increase  immensfly 
their  force.  Streamlets  in  th<'  mountains  that  are  almost  dry  in 
summer  become  destructive  lorrent-s  tluring  the  rains. 

The  process  of  transportation  ts  also  one  oj  wear.  The  stones  are 
reduced  to  sand  and  fine  earth  by  the  friction.  The  silt  is  nothing 
but  the  coarse  material  of  the  upper  waters  ground  up.  The  soil 
of  the  plains  and  sand  of  the  sea-shore  are  the  pulverized  rocks 
of  the  mountains, — running  waters  being  the  moving-power,  and 
the  mutual  friction  of  stone  upon  stone,  or  grain  of  sand  upon 
grain,  the  means  of  grinding.  The  woi-rl  rfctrit'ts  means  tcorn  nut, 
and  is  well  applied  to  river-deposition^.  *  >n  large  rivers,  stones 
and  pebbles  disappear  from  the  alluvium  long  before  they  reach 
the  sea,  and  partly  for  the  reason  here  mentioned.  The  process 
is  sometimes  aided  by  the  partial  decomposition  of  the  rocks. 

The  amount  ^aUt  carried  to  the  Mexican  Qulf  by  the  Mississippi* 
according  to  the  Delta  Survey  under  Humphreys  &  Abbot,  is 
about  l-1500th  the  weight  of  the  water,  or  1 Oth  its  bulk  ;  equi- 
valent for  an  average  year  to  S12.')(  m  t.i  >i)(),(hju  poundti,  or  a  mass 
one  square  nnU;  in  area  a!id  :iU  fci  t  (i^  '  p. 

The  following  tablo  contains  tbo  rutiu  uf  uvdiincut  to  water  by  weight,  ad  ob- 
tained by  the  Delta  Surrey  and  also  the  retttlta  of  other  investigations.  II 
b  from  Humphr^i  A  Abbot's  Report  (p.  148) : — 

Uutio.  Time. 
MiMisBtppiR., at CarrolUon, by  Delto Survey,  1  :  ISOS    12  mo^.,  '5I-'52. 

«  «  "  1  :  1449    12  mos.,  '52-'53. 

«  Oolnmbas,  "         1:1821     9  nios./68. 

-  Months,  by  Mr.  Meade,      1  :  1256    2  moi.,  '38. 

"  "  Mr.  Si.lcll.        1  :  1724  1S38. 

"  Various  places,  Pror.RidUell,!  :  1245    14  days,  summer  of  1843. 

"  New  Orleans},  **        1  :  1155   35  daya,  summer  of  1840. 

^Bhooe^  at  Lyons,  by  Mr.  Snrell,  I  :  17000  1844. 

'    **      "  Aries,  Messrs.  Gorsse  A  Snbours,  1  :  2000     4  nos.,  1808-0. 

"      in  Delta.  Mr.  Surell,  1    I'-^'OO  , 

Ganges,  by  Mr.  Everest,  1  .  ;*1U     12  mos. 
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llwMlkiiiay  b«  calculated  hy  taking  1.9  as  the  specific  gravity  of  tbenutariaL 
Tte  total  aaniwl  diioluurgQ  of  Mdiawnt  Aom  ttw  Qaagot  hM  boM  ortuaitoi 
«l  i^OO^OQO  onbio  foot 

Bcwdei  the  material  held  in  mispeiuioiitas  these  anfhofBobserre, 
the  MiasiBsippi  pushea  along  into  the  Gulf  large  qoantitieB  of  eaiihj 

natter;  and,  from  obeervation.s  made  bv  them,  they  estimate  the 
annual  amount  thus  contributed  to  the  Gulf  to  bo  about  750,000^000 
cubic  feet. — which  would  cover  a  square  mile  27  f»'ct  deep;  and 
this,  addiMl  to  the  241  ft'ct  :il><>\     niakj'S  the  total  2(»S  feet. 

Tlu'  »iuantity  of  wood  brought  down  by  some  American  rivers 
is  very  great.  The  well-known  natural  "  raft"  obstructing  Red  River 
had  a  length,  in  1854,  of  thirteen  miles,  and  was  increasing  at  the 
rate  of  one  and  a  half  to  two  miles  a  year,  from  the  annual 
accessions.  Tlie  lower  end,  which  was  then  fifly-three  miles  aboTO 
Shrcvcport,  hud  beon  gradually  moving  up  stream  from  the  decay 
of  the  logs,  and  formally  was  at  Natchitoches,  it  not  still  farther 
down  the  stream.  Jk)th  this  stream  and  others  carry  great  num 
b«rs  of  logs  to  the  delta. 

3.  Dlatxibntion  of  tranaported  material. 

1.  ARwml  famatkm  ta  noer-mU^. — ^Alluvial  formationa  oow 
usually  a  broad  area  on  one  or  both  sides  of  a  river.  They  are  in 
general  the  basis  of  the  flood-plain  ;  and  the  features  of  this  plain, 
as  already  described,  are  the  exterior  rliaracteristics  of  the  alluvium. 
They  are  made  from  the  material  broujiht  down  by  the  stream, 
especially  during  freshets,  and  consist  of  earth  and  clay,  sometimes 
thinly  laminated,  inth  acme  beda  of  pebbles,  and  occasionally 
•tones.  These  coarser  beds  are  most  abundant  along  the  upper 
portions  of  the  stream,  while  towards  the  mouth— particularly  in 
the  case  of  large  riven— the  material  may  be  wholly  a  fine  silt. 

Logs  and  leaves  are  in  some  cases  distributed  through  alluvial 
deposits,  but  always  sparirmly  ;  for  they  are  mostly  destroyed 
by  wear  or  by  decay.  They  rarely,  if  ever,  accumulate  in  beds 
fitted  for  making  coal,  being  widely  scattered  by  the  currents. 
Fresh-wator  and  land  sh^ls  are  occasionally  found  in  the  beds. 
Remains  of  other  animals  sddom  escape  destruction,  unless  buried 
in  a  lagoon*portion  of  the  flood^plain. 

As  the  range  of  height  within  which  river-waters  can  work  haa 
narrow  limits,  the  thickness  of  the  alluvial  formations  made  by  a 
stream,  in  any  given  condition  of  it,  i^  necessarily  small.    Even  the* 
whole  of  the  river-flat  above  the  levi'l  of  its  bottom  may  not  have 
been  deposited  by  the  river  in  its  existing  state ;  for  tlie  channel 
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and  floof (-plain  may  be  oxcavcatod  in  the  alluvium  of  an  oarlior 
p«*riod,  so  tliat  the  upptM'  surface  alone  may  be  of  recent  origin 
(p.  5a0).  If,  however,  the  land  were  undergoing  a  very  slow  subsi- 
dence, wliieh  ihould  diminiih  the  pitch  of  the  stream,  a  deposition 
of  detritus  would  take  pUoe  which  would  raise  botl&  its  bed  and 
flood-plain,  and  the  thickness  might  thus  go  on  increasing  as  long 
as  the  subsidenoe  continued. 

The  deposition  of  detrttao  wkieh  takos  piMO  along  tho  eonrw  of  a  rirw 

nsosUj  nifOS  the  borders  of  tho  channel  above  the  general  lorol  of  the  flood* 
pluin.  Alon^  tho  Lower  Missisftippi,  the  pitch  of  the  plain  away  from  the 
river  amuunts,  ua  an  average,  to  seven  feet  for  the  iirst  mile,  (liumphreji 
A  Abbot) 

Tho  earthy  allaTium  which  is  formed  hj  a  slow  dopotition  of  dotritoa  eon* 

sist?  fif  very  thin  even  layer?.  A  vibration  or  wavc-movcmcnt  in  any  waters 
in  which  a  sediment  is  fallinjj  t(  nd.-*  to  iirningc  that  pediment  in  liiycr!«,  cuch 
layer  corresponding  to  a  wave,  uiid  showing  by  a  difference  ui  texture  in  its 
andor  and  nppor  portlont  tho  progress  of  tho  warob  la  tbo  oaso  of  aeenmnla- 
tioBS  tnm  a  rapid  doposition  or  prcsriag  forward  of  material,  the  lamination  li 
often  wanting. 

Tho  pebbles  or  stones  forming  bedd  in  the  alluvium  are  brought  in  by  tho 
upper  waters  and  lateral  tributaries  during  flooda.  The  course  of  u  tributary 
aeroea  the  river«plain  is  often  nuurlcod  by  a  wide  bod  of  stones.  The  sweep  of  a 
fteehetovcr  the  earthy  flood-plain  may  carry  away  the  finer  earth  and  leave  a 
surface  of  pebbles.  The  bank  of  a  river  i*truck  by  a  strong;  current  mny  in  a 
similar  way  bo  made  pebbly,  while  the  opposite  is  muddy  or  has  a  sand-bank 
forming  from  the  earth  carried  across. 

Still  other  irrognleritiee  reenlt  flrom  ohanges  in  the  lirerehannd.  The  tiaa^ 
fer  of  material  from  one  side  of  n  ."tream  to  the  other  ends  often  in  making  a 
long  bend,  antl  fiuully  in  cuttini^  off  the  \>vni\  ami  furnin/;  it  into  an  island,  and 
oltimately  into  a  part  of  the  mainland  by  the  filling  up  of  tho  old  channel. 

The  islands  in  the  large  rivers  are  also  veiy  nnstable.  la  the  Mississippi,  as 
Humphreys  A  Abbot  observe,  they  often  begin  in  the  lodging  of  drift-wood  on 
a  fan<l-bar;  this  causes  the  accumulation  of  detritus;  a  growth  of  willow  suc- 
ceed."; the  height  of  the  alluvium  still  increases,  until  finally  tho  i!»lan<i  reaches 
the  level  of  high  water,  or  rises  even  above  it,  and  becomes  covered  with  a 
growth  of  eotton>wood»  willow,  ete.  By  a  similar  process,  the  islaad  mej  be 
aalted  to  the  maialand ;  or, "  by  a  slight  ehaage  of  diroetion  of  the  earrent,  the 
underlying  <>and  bar  is  washed  away,  the  ttow-mado  land  oavss  iato  the  iivegr» 
end  the  isiland  diirappcars." 

2.  Jklfa  formations. — Tho  larger  part  of  the  detritus  of  a  river  is  car* 
ricd  to  the  ocean  (or  lake)  into  whieh  it  empties,  and  it  poes  to  form 
about  the  mouth  of  the  stream  more  or  le^s  extensive  fiats.  Such 
flats,  when  lar<^e  and  intersected  by  a  network  of  water-channels, 
are  called  ddta*;  they  reach  a  large  size  only  where  the  tides  are 
quite  small  or  are  altogether  wanting.  They  are  formed  from  th^ 
coiyoined  action  of  the  river  and  the  ooean,  and  are  sometimes 
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called  fluvio-marinc  formations.  Great  streams,  like  the  Amazon, 
carry  their  muddy  waters  hundreds  of  miles  into  the  ocean ;  bu> 
far  the  greater  part  of  the  detritus,  even  in  the  case  of  the  largest 
rivers,  is  beaten  buck  by  the  waves  on  soundings  and  by  the  shore- 
currentf,  and  either  falls  over  the  bottom  or  is  thrown  upon  the 
coast  near  by.  In  floods,  the  river-water  of  the  Mississippi  is  dis- 
tinguishable in  the  Gulf  at  the  distance  of  only  twenty  or  twenty- 


five  miles  from  the  bar ;  in  low  water,  at  the  distance  of  five  or  ten 
miles.  (Ilumphreys  &  Abbot.) 
The  eastern  North  American  coast,  from  Texas  to  Florida,  and 
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from  Florida  to  New  Jen^»  is  nearly  a  continaous  range  of  fluYto- 
marine  forniations. 

Onl  J  »  •ingle  exua^l*— that  of  the  Miaiini|ipi  cMta— need  her*  1m  refemd  to. 

ThapTBOcdin^  mnp  (fi;:.  91?)  presents  its  general  features.  It  commonccs 
below  tho  mouth  of  KcJ  Kiver,  where  the  Atchiifalaya  *' bayou"  begins, — the 
first  of  tho  many  side-obanucU  that  open  through  tho  groat  flatu  to  tho  Gulf. 
The  whole  mm*  to  about  12,800  M|vaTe  milei,  u4  ehovt  one-third  if  a  aea-inanh, 
duly  two-thirds  lying  abovo  tho  level  of  the  Quif. 

Ou  page  CI3  the  amount  <>f  detriiu:<  mentioned  whiob  the  river  annnallj 
fornUbos  towards  the  extension  of  tho  delta. 

Aooordiag  to  Humphreys  it  AblMt,  the  outer  oreitof  the  bar  of  the  Sonthwest 
Put  (the  prUi^iml  one)  of  the  Xinlieippi  adtruees  into  the  Oulf  S38  ttot,  orer 
avridth  (  f  11 ,500  foff ,  annually  ;  and  the  erosive  power  is  only  about  nno-tentb  of 
its  d(  p'l.-iitin;:;  powi-r.  The  depth  of  the  («ulf  whi  ro  the  l>rir  is  now  fnrnicd  being 
100  t'eet,  the  protiio  and  other  dimcufious  of  the  river,  in  connection  w;th  tho 
eboTo-mentioned  rate  of  deposit,  giro  for  the  difference  between  the  eubioal  eon- 
tenta  of  yearly  deposit  and  erosion  2ji), 000.000  onbio  feet,  or  a  mau  one  mile 
squnrc  and  nine  fi  ct  thick  :  thi:<,  thcref  re,  is  the  volume  of  rartliy  innfter  ini«hed 
int  •  the  (  Julf  each  year  at  the  Southwest  Pass.  The  quantities  of  earthy  mutter 
pu-hed  along  by  tho  several  passes  being  in  proporti<in  to  their  volumes  of  dis- 
eharge,  the  whole  amount  thus  earried  yearly  to  the  Gulf  u  750,000,000  eubie  feet, 
or  a  mass  one  milo  square  and  twonty-s^even  feet  thick.  Aa  tho  cubical  contents 
of  tho  whole  ma?9  of  tho  bar  <  f  tho  S  >uthwi  !it  Vusa  are  equal  to  a  solid  one  mile 
square  and  490  feet  thick,  it  Wi>uld  require  liity-fivo  years  to  form  the  bar  ua  it^ 
now  exists,  or,  in  other  words,  to  establish  the  equilibriam  between  the  advaaeing 
rates  uf  erosion  and  deposit. 

Tho  deltas  of  tho  Nile,  (lnnpei«.  Amnion,  nnd  other  \nr<^<*  ?tre-ims  aro  equally 
interesting  subjects  of  .<-tudy.  Dut  it  is  not  nocc8!>ary  to  enter  intu  details  re- 
specting them  in  this  place,  as  they  illustrate  no  now  principles. 

Aa  the  Ibnns  and  stratifleation  of  delta  depoeita  depend  partly  upon  waver 
iotimif  thia  aubjeet  ootnes  up  again  tinder  the  head  of  TAe  <>eeaN. 


B.  SUBTEBRANEAN  WATERS. 

It  is  an  obvious  Uici  that  a  considerable  pari  of  the  water  which 
reaches  the  earth's  surface  descends  into  the  soil  and  becomes  in  a 

senile  .suhterraneftn.  But  there  arc  also  subterrnnenti  streams, 
wlii<  }»  have  their  rise  in  hills  and  mountains,  luul  are  led,  like  the 
Hurrace-rivers,  hy  the  rains  and  snows,  and  e-pccially  tlio<<»  that 
fall  about  elevated  rejjions.  The.<o  waters  hocoaie  undiM-ground 
Streams  by  following  tho  clip  of  tilted  strata.  The  layers  of  sand- 
stones  and  limestones  never  fit  together  so  closely  but  that  waters 
may  find  their  way  between  them.  The  subterranean  streams 
usually  flow  over  limestone  or  argillaceous  strata,  and  not  on 
porous  sandstones. 
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'  All  wells  and  springs  ore  tappings  of  these  subterranean  waters. 
Hie  large  siie  of  some  of  these  under-ground  mers  b  proved  by 
direct  observation  in  caverns,  where  they  have  the  variety  of  cse^ 
oades  and  quiet  waters  which  characterises  the  streams  of  tiie  tor> 
ftoe.  The  Mammoth  Cave  of  Kehtuclcy,  and  the  Adelsberg,  twenty- 
two  miles  northeast  of  Trieste,  are  examples.  And,  again,  some- 
times, as  in  the  Jura  Mountains  of  Switzerland,  they  come  out  of 
the  hills  with  sufficient  force  and  volume  to  turn  the  wheel  of  a 
large  mill. 

The  outward  flow  of  the  under-ground  waters  of  a  continent  pre- 
vents the  in-flow  of  the  aalt  water  on  sea-«hores.  Springs  are  com* 
mon  on  shores;  occasionally  their  waters  rise  in  large  volume  in  a 
harbor,  or  out  at  sea  some  miles  distant  from  a  coast. 

If  subterranean  streams  have  their  rise  in  elevated  regions,  their 
inferior  portions  beneath  the  i)lnins  of  a  country  must  be  under 
great  hydrostatic  pressure :  and  this  should  appear,  whenever  a 
boring  is  made  to  the  waters,  by  their  rising  above  the  surface  in  a 
jet.  lioringsof  tlii^*  kind  iiave  been  made  in  many  jiarts  of  Europe 
and  Americii  with  this  elTeet.  l  liey  were  first  attempte<l  in  France, 
and  arc  called  Artesian  wells,  from  the  district  of  Artois,  in  France, 
where  they  were  early  used. 
In  fig.  943,  let  a  b  represent  ^*  ^ 

an  argillaceous  stratum  on 
whieli  the  water  descends, 
and  b  c  the  boring ;  bed  is  the 
jet  of  water.  The  rise  of  tlie 
jet  falls  far  sliort  of  the  height 
of  the  source,  because  of  tiie 
great  amount  of  friction  along 
the  irri'gular  rocky  bed  of  the 
Stream,  and  also  the  resistance 
of  the  air. 

It  is  possible  that  in  some  cases  subterranean  waters  may  be 
under  pressure  from  a  stratum  of  gas  over  them,  which  isaufficieiit 
to  send  them  to  the  surface  without  other  aid. 

The  Artesian  well  of  Orenelle,  near  the  Hotel  des  iDvalidee,  in  Paris,  is  20M 
ftet  deep.  At  1800  feet,  water  wee  stmek,  and  it  darted  ont  to  a  bright  ahere 
the  Mrfaoeof  112  foot  and  at  tho  rate  of  nearly  one  million  of  gallons  .a  day. 
The  iireasnre  indicntr  d  hy  tho  jet  wn.^  equal  to  that  of  aooluDa  of  water  201S 
feet  high,  or  lliiO  pounds  to  the  t<c|iiarc  inch. 

Another  well,  in  Westphalia  in  Gormeny,  ts  S885  feet  deep. 

An  Arteaian  boring  at  St;  Louis  has  heea  earried  to  a  depth  of  ffOO  tat;  heft 
the  water  ohteiaed  Is  not  pure.  One  at  Loidavllle^  Kentaekj,  MM 
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■applies  an  abnndanco  of  water,  thoa^h  a  little  brackUh.  Several  hare  hem 
made  in  New  York  City  conncrted  with  manufactories.  In  Califomuk  tlicy  IWPt 
been  resorted  to  successfully  for  agricultural  purposes. 

Boiingfl  aro  oftca  inooawftil  in  allovial  regions  fifty  or  one  hundred  milea 
from  any  high  land.  A  Mcond  boring  in  tbe  aamo  r^on  aoaiolinioa  MrtoiMly 
lc.«fcn9  the  amount  of  wntcr  aflTordcd  by  the  first,  by  giving  the  i-aine  subterra- 
nean ftro.nn  a  new  ]>l!icc  (if  exit.  The  layer  from  which  the  Ixirin^i;  and  jet 
rise  way  bo  gradually  worn  through  by  the  flow,  and  the  water,  or  part  of  it, 
beeoBM  loit  by  being  thaa  let  off  to  a  lower  IvnA. 

The  mechanical  effects  of  subterranean  waters  are — (1)  Erosion 
and  the  consequent  undermining  of  strata ;  (2)  Land-slides. 

1.  IMcn. — Running  water  will  wear  rocks  undw  ground  as  w^ 
as  above^  and  may  excavate  a  channel  in  the  same  way.  Gavems 
are  made  partly  by  erosion  and  partly  by  the  dissolving  action  of 
water.  A  common  offoct  of  .such  excavntions  is  tho  produrtion  of 
subsidoncos  of  the  soil  and  overlyin/i  rock^^.  and  the  formation 
of  sin/;-/tofrs.  Small  shakings  of  tiie  earth  may  be  a  consequence 
of  the  fractures  of  undermined  strata. 

2.  Lmd-^ide$4 — Land'Slidea  are  of  three  kinds :~ 

(1.)  The  mass  of  earth  on  a  side-hill,  having  over  its  surfkce,  it 
may  be,  a  growth  of  forest-trees,  and,  below,  beds  of  gravel  and 
stones,  may  become  so  weighted  with  the  waters  of  a  heavy  rain, 
an<1  InosPTied  below  by  the  same  meaa8,-a8  to  slide  down  the 
slope  by  gravity. 

A  slide  of  this  kind  occnrrod  dnrin^  a  dark,  storniy  nipht  in  An;:tist,  lS2fi, 
in  tbe  White  Mountains,  bock  uf  tho  Willcy  liuu^o.  It  carried  rocko,  earth,  and 
tiees  from  the  heights  to  the  valley,  and  left  a  deluge  of  atones  over  the  country. 
The  frightened  WUley  fomity  fled  from  the  hooM,  sad  were  destroyed:  the 
house  remains,  as  on  sa  island  in  the  rocky  stream. 

(2.)  A  clayey  layer  overlaid  by  other  horizontal  strata  some- 
times boooiiK's  so  softened  by  water  from  springs  or  rains  that  the 
Riiperinctinibcnt  mass  by  its  wei^'ht  alono  prossos  it  out  laterally, 
provided  its  oscapo  is  posHible,  and,  sinking'  down,  takes  its  place. 

Near  Tivoli,  on  tho  Hudson  River,  a  8ulj>iilcncc  of  thii<  kind  took  place  in 
April,  1862.  The  land  sunk  down  perpendicularly,  leaving  a  straight  wall 
aroand  the  tanken  area  sixty  or  eighty  feet  in  lieight  An  eqnal  area  of 
day  was  foroed  ovt  laterally  underneath  tho  shore  of  the  rivers  fimning  a 
pf»int  about  an  eighth  of  a  mile  in  circuit,  projecting  into  tho  oove.  Part 
of  tho  surface  remained  as  level  as  before,  with  the  trees  all  standing.  Three 
days-  afterwards,  tlie  slide  extended,  i»srtisl!y  bresking  up  tlie  sarteee  of  the 
region  whish  had  praviooaly  snhsiAid,  and  malcing  it  appear  as  if  aa  earth* 
qnske  had  psssed.  The  whole  ana  wessnred  three  or  foor  sens. 

(3.)  When  the  rooka  are  tilted  and  form  the  slope  of  a  mountain, 
the  softening  of  a  clayey  or  other  layer  underneath,  in  the  mani^ 
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ju<t  explained,  may  lead  to  a  slide  of  the  superincumbent  beds 

down  the  declivity. 

In  1S06,  a  destnictive  slide  of  this  kind  took  place  on  the  Ro8!ib«r!r,  near 
Uoldau,  in  SwiUerland,  which  covered  a  region  several  square  miies  in  area 
with  MMies  of  songloiiMnta^  snd  ovtrwbdaMd  •  muobsr  of  villsgeo.  Thm  tkiik 
ooter  itraiam  ct  tho  monntain  movod  bodily  dowaword*  sad  flaallj  brako  o^ 

and  oovered  the  country  >Tith  ruins,  while  other  portions  were  buried  in  tho 
halMiquid  clay  that  hod  underlaid  it  and  was  the  cause  of  tho  cata-trophe. 

Similar  subiiidcnces  uf  soil  have  taken  place  near  Nice,  on  the  Mediterranean. 
Ob  ono  ooeaalon,  tho  vilbgo  of  Rooeabraaa,  with  its  osstls^  soak,  or  father  dM 
down,  without  distarbing  or  destfoyiog  tho  buildings  npoa  the  surfiMo. 

Besides  (1)  the  transfer  of  rocks  and  earth,  land-slides  also  cause 
(2)  a  scratching  or  planing  of  slopes  by  the  moTing  strata  and 
stones;  (3)  the  burial  of  animal  and  vegetable  life;  (4)  the  folding 
or  crumpling  of  the  clayey  layer  subjected  to  the  pressure,  where 
the  eflVct  does  not  fjro  so  far  ns  to  ])roduce  its  extrusion  and  destruc- 
tion. Such  crunii)led  or  ioUli  <1  beds  of  clay  are  not  very  uncom- 
moa  in  alluvial  regions  (tig.  U77). 

2.  THE  OCEAN. 
1.  OCEANIC  F0BC£8. 

The  ocean  exerts  mechanical  force  by  means  of  its— 

1.  General  system  of  currents. 

2.  Tidal  vraves  and  currents. 

3.  Wind-waves  and  currents. 

4.  Earthquake-waves. 

Tho  raUo  between  the  vciociit/  of  sail  icater  and  its  force  is  the  same  as 
for  fresh  water  (p.  C35) ;  but  in  the  uppliuailoa  of  tho  ratio  there  is 
a  difference  arising  from  the  greater  density  of  the  former, — ^its 
specific  gravity  being  one-thirtjfi^'ih  to  one^orUeth  more  than  that  of 
fre.sh  water.  Having  determined  the  siie  of  block  that  any  given 
velocity  would  bo  sufficient  to  transport,  the  size  for  other  velo- 
cities may  be  deduced  by  means  of  the  ratio  referred  to. 

The  fpecijie  grart'li/  of  ?ca-wator  varies  for  different  parts  of  tho  ocean.  For 
the  waters  of  the  southern  ocean,  it  is  t.02yi'.>;  the  northern,  1.02757;  equator, 
1.02777;  iMeditorranean  Sea,  1.02U3;  Black  Csca,  1.014  IS  (Marcel),  in  luoct 
■eas  roeeiving  large  riven,  and  in  boyi,  tho  denaity  ia  least  Tho  spodlo  gravity 
of  tho  water  of  Bait  River,  off  Now  York  City,  at  high  tide^  is  1.0203S  (Book). 

1.  Ooneral  systom  of  onnwita. 

The  system  of  oceanic  currents  is  briefly  exjdained  on  page  39. 
l^is  part  of  the  organic  structure  of  the  globe,  irrespective  of  its 
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age  or  condiUon;  for,  whatew  the  temperature  of  the  poles, 
there  mast  always  have  been  a  loorm^r  tropics  under  the  path  of 
the  sun. 

The  prominont  charnctoristics  of  these  currents  hearing  on  their 

mcclianical  oftbcts  in  geological  history  are  tli<>  following:  — 

1.  The  rate  of  movement  is  slow. — Tlift  niaxiinuni  velocity  of  tli<» 
Gulf  iStrcuMi  is  five  mile^  uu  hour,  and  the  average  less  thou  ono 
mile  and  a  half. 

The  Qulf  Stream  is  most  rapid  off  Florida,  where  the  hourly  rate  three  to 
Ito  miles;  off  Sandy  Hook,  it  is  ono  milo  and  a  half.  The  rate  of  flow  of  the 
polar  emrent  Is  last  thaa  one  milo  an  hoar.  Kane,  while  ahni  up  in  tlie  Aretie, 
was  carried  sonth  by  tbo  current,  eomo  dny>,  al  'iut  half  a  mile  an  boar.  The 
prcat  oceanic  current  of  the  eastern  South  Pari  tic  varies  from  thrco  miles  an 
hour  to  a  fraction  of  a  milo ;  and  acrusii  the  middle  of  the  ocean  it  is  barely 
qtpreeiable.  The  evrrenk  in  the  Indian  Ooean,  where  most  rapid,  has  the  hourly 
rate  of  two  miles  and  a  qnartw. 

In  post  geological  ages  the  rapidity  of  these  great  oceanic  cur- 
rents must  have  been  less  than  now,  if  there  was  any  difference, 
because  of  the  less  difference  of  temperature  then  between  the 
equator  and  the  poles. 

2.  The  currc7}fs  >ire  generally  remote  from  coasts,  and  are  seldom  appn- 
ciahle  where  the  thpth  is  less  than  one  hundrnl  f  el,  and  veri/  /relic  where 
/ess  than  one  hum/rid  fathoms. —  Owing  to  the  great  d<'}»th  of  the 
oceanic  movement,  the  waters  are  diverted  along  the  bor<lers  of 
the  oceans  by  the  deei>-sea  tlopes  of  the  continents.  In  the  cose 
of  the  Gulf  Stream,  these  approach  the  coast  at  Cape  Florida,  and 
somewhat  nearly  at  Cape  Hatteras;  but  off  New  Jersey  they  are 
eighty  to  one  hundred  miles  distant;  and  here  runs  the  western 
limit  of  the  stream. 

The  i>olar  or  Labrador  current,  which  is  mostly  a  pub-currcnt, 
conies  to  the  surface  along  the  same  slope,  west  of  the  limit  of  the 
Gulf  Stream,  and  is  slightly  apparent  on  the  coast  plateau,  but 
rather  by  its  temperature  than  by  the  movement  of  tlie  waters. 
The  more  western  position  of  the  limit  of  the  polar  current  is  ex- 
plained  on  page  41.  The  &ct  that  it  has  not  more  rapid  move- 
ment on  the  great  shore-plateau  is  evidence  that  it  belongs  to 
the  deep  water.  This  appears  further  in  the  current's  underlying 
tli'^  (Julf  Stream,  and  its  banding  \ho  stroum  with  colder  and 
wanner  waters,  as  sliown  by  the  Coa>t  Survey  under  Professor 
Baehe.  The  observations  of  the  survey  have  pioved  that  there 
are  mountain-ridges  apparently  parallel  with  tlic  Appalachians 
along  the  course  of  the  stream  in  its  more  southern  part,  and  that 
above  these  ridges  the  surfoce-waters  are  cooler,  owing  to  the  lifting 
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upwArd  of  the  polar  current  by  the  subnuurine  elevatioiui.  Thafiwi 
that  the  cold  waters  produce  a  temperature  of  F.  at  a  depth  of 
six  hundred  fath<Nns  off  Havana  (at  stated  by  Bache)  is  proof  of 

the  great  magnitude  of  the  polar  current. 

Where  the  current  (low;*  chi^c  nlong  a  coast  or  Mibmarine  bank, 
or  by  an  oceanie  island,  it  may  produce  ^onu*  eH'ct-. 

3.  As  the  position  (*/'  the  main  jiow  oj  the  currenU  is  (Iclermincd  partly  bif 
the  trend  ^  the  conHnentt^  their  courts  may  ham  Uen  d^ergnt  in  /onaer 
time  from  what  they  are  now,  provkM  the  eoi^»ente,  or  large  porHmu  ef 
them,  were  eujldently  jvftma^n/.— Small  subaidences  would  not  niffioe 
to  produce  a  diversion  from  their  present  courses,  for  the  reason 
just  given.  Even  the  barrier  of  Darien  miglit  be  removed  by  sub- 
mergence to  a  depth  of  five  hundred  feet,  and  probably  one  thoo- 
sand,  without  giving  passage  to  much,  if  any.  of  the  Gulf  Stream. 
If,  however,  the  straits  were  so  dcci)ly  sunk  that  tlio  (Julf  »Stn\'im 
pas>cd  freely  into  the  Pacific  (the  West  India  islands  being  also  in 
the  depthii  of  the  ocean,  as  would  be  necesj»ary  for  the  i-e»ult),  a 
great  change  would  thereby  be  produoed  In  the  temperature  both 
of  the  Atlantic  and  Pacific, — a  loss  of  heat  to  the  former  and  a 
gain  to  the  latter  (see  Physiographic  Chart).  But  no  facta  yet  ob- 
served prove  thb  su|ipo6ition  to  have  been  a  realised  fiMst  since  the 
opening  of  the  Silurian  age. 

BMidM  the  gmml  syslMB  of  eomnta  whieh  has  boen  eons idersd,  Chm  sn 
carrcnts  betwsMi  the  oessa  sad  wmie  oonfinad  saM  opening  lato  it,  which  wn 

due  to  the  evaporation  poin;;  nn  *>vor  the  surface  of  tho«c  seas.  The  onse- 
quent  diminution  of  wut^-r  causes  a  How  from  the  ocean  to  iiupply  the  loss. 
This  happens  at  the  Straits  of  GibrulUir  ui>ening  into  the  Mediterraneaa.  Is 
■uuiy  SMS  of  this  htad  tho  •eeossioas  tnm  rivors  mora  thaa  oapfly  tho  SMasS 
roiaovod  by  orsponlioaf  sad  thoso  pfodaoo  sa  oat-oamat  at  the  oatrsaofc 

2.  Tidal  waves  aud  currents. 

1.  7?i.sv  and  fall  of  tides. — The  simplest  of  tidal  actions  is  tho 
periodical  rising  of  the  waters  on  a  coast.  The  in-flow  acts  like  a 
dam  in  setting  back  the  wa tern  of  springs  and  rivers.  It  Hoods 
large  areas  on  flat  coasts,  which  are  thereby  made  salt  marahea. 

The  height  of  the  tide  is  leas  in  mid-ocean  than  along  the  conti- 
nents, and  is  greatly  augmented  where  the  two  coaat-linea  con- 
verge, aa  on  entering  a  bay,  and  especially  where  there  is  free 
entrance  to  a  eliannel  from  two  directions.  In  the  middle  At- 
lantic, at  St.  Helena,  it  is  two  or  three  feet;  at  the  Azores,  three 
feet :  on  (ho  Atlantic  coast  of  the  United  States,  from  live  to  twelve 
feet ;  but  in  the  Bay  of  Fundy,  tifty  to  seventy  feet.    In  the  cen- 
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liml  Pacific,  the  height  is  two  to  fonr  feet ;  uid  at  Tahiti,  high  tide 

Occurs  always  at  noon. 

2.  Translation  character  of  the  tidal  waves. — The  tidal  waves  which 
succeed  one  another  around  the  ^'Inho  become  appreciably  trans- 
lation or  propelling  waves  on  soundings;  and  directly  upon  a 
coast,  especially  along  its  deeper  bays  or  inlets,  they  constitute  a 
force  of  great  energy.  The  borders  of  all  the  oontiiiento  and 
Mlandft  feel  this  power  and  exhibit  its  effects. 

8.  iH'fifmng  ikkU  airrenta.'-The  in-coming  tide  generallj  stoikes 
one  part  of  a  coast  before  another,  owing  to  its  trend  with  refer- 
ence to  the  wave,  and,  consef|uontly.  has  a  progressin/;  movement 
along  it.  This  is  very  marked  on  the  shores  of  southern  New 
England. 

The  tidal  current  becomes  one  of  great  strength  where  there  are 
narrow  channels  to  receive  and  discharge  the  waters. 

The  movement  may  have  the  violence  of  a  river>torrent  when 
the  entrance  to  bays  is  of  a  kind  to  temporarily  dam  up  the  waters 
until  the  far«dvanced  tide  has  so  ac(  unmlated  them  that  they 
overcome  the  resistance  and  pass  on  in  a  body. 

In  the  Bay  of  Fundy,  the  waters  of  the  in-coming  tide  are  rai^sed 
high  above  their  natural  elevation,  so  that  as  thoy  advance  they 
seem  to  be  pouring  down  a  slope,  making  a  turbid  watertull  of 
miyestic  extent  and  power,  without  foam.  The  tide  at  Bristol. 
England,  has  a  height  of  forty  feet. 

In  some  cases  the  whole  tide  moves  in  all  at  once,  in  a  few  great 
waves.  This  happens  especially  at  the  mouths  of  rivers  where  there 
is  obstruction  from  sand-bars,  and  other  favoring  circumstances 
about  the  entrance.  The  plienomenon  is  call,  d  an  eaffre  or  bore. 
The  flow  of  the  tides  at  the  Bay  of  Fundy  has  something  of  the 
character  of  an  eagre.  But  the  most  perfect  examples  are  utibrded 
at  the  moutlis  of  the  rivera  Amazon,  Hoogly  (one  of  the  mouths  of 
the  Ganges),  and  Tsien-tang  in  China.  In  the  case  of  the  last- 
mentioned  river  the  wave  plunges  on  like  an  advancing  cataract, 
four  or  five  miles  in  breadth  and  thirty  feet  high,  and  thus  passes 
up  the  stream,  to  a  distance  of  eighty  miles,  at  a  rate  of  twenty-five 
miles  an  hour.  The  change  from  ebb  to  flood  tide  is  almost  instan- 
taneous. Among  the  Chusan  Islands,  just  south  of  the  bay,  the 
tidal  currents  run  tlirough  the  funnel-shaped  firth  with  a  velocity 
of  sixteen  miles  an  hour.  (Macgowun.) 

In  the  eagre  of  the  Amason,  the  whole  tide  passes  up  the  stream 
in  five  or  six  waves,  following  one  another  in  rapid  succession,  and 
eadi  twelve  to  fifteen  feet  high. 

A,  OiO^hmt^  otmHts,— The  ebbing  tide  causes  an  ont-fiowing 
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otirrent,  which  is  directly  the  counterpart  of  the  in-flowing  curre&i 
U  is  more  qoiet  tlian  the  latter  in  its  morement,  although  oftca 
a  rapid  and  powerful  current,  because  more  contracted  in  width,— 
and  especially  so  in  bays,  where  the  waters  of  a  river  add  to  ths 

volume  of  the  ebb.  Wind-waves  may  increase  greatly  the  force  of 
the  in-coming  tide,  but  not  so  with  the  out^owing,  since  wavei 

alway^^  art  slioroward. 

The  i)iling  of  the  tidal  waters  to  an  umisnal  height  in  converging 
bays,  raising  thorn  far  above  tiieir  level  ouisitle.  is  another  powerful 
cause  of  out-flowing  currents.  The  flow  is  along  the  bottonK;  and 
hn  a  case  like  that  of  the  Bay  of  Fnndy  it  must  have  great  power. 

3.  Ordinary  wind-waves  and  currents. 

1.  H'Snw*.— >The  winds  are  almost  an  incessant  wave-making 
power.  Ev«»n  in  the  calmest  weather  there  is  some  breaking  of 
wavelets  a;j;ainst  the  roeky  heafll.infls  or  the  exposed  l)each  ;  and 
with  ordinary  breezes  the  heaehes  and  rocks  arc  ever  under  the 
beating  surge,  night  and  day,  (Voni  year  to  year.  Most  seas,  more- 
over, have  their  Htorms,  and  in  some,  as  those  about  Cajjc  Horn, 
gales  prevail  at  all  seasons.  The  breakers  on  the  shores  of  the 
Pacific  are  especially  heavy,  on  account  of  its  extent  and  depth. 

Through  a  large  part  of  the  ocean  the  winds  are  constant  in 
direction,  either  for  the  year  or  half-year. 

Stevenson,  in  his  experiments  at  SkerrA'vore  (west  of  iScotland). 
found  the  average  foree  of  the  waves  for  the  five  summer  months 
to  be  rd  1  pounds  i>er  M|uare  foot,  and  for  the  six  winter  months, 
20H0  pounds.  He  mentions  that  the  Bell  Rock  Lighthouse,  112 
feet  high,  is  Hometinies  buried  in  spray  from  ground-swells  when 
there  is  no  wind,  and  that  on  November  20, 1827,  the  spray  wu 
thrown  to  a  height  of  117  feet,— equivalent  to  a  pressure  of  neariy 
three  tons  per  square  foot.  ^ 

2.  Sarface-cHTrents. — Winds  also  cause  cwntnta.  The  prevailiiif 
winds  of  an  orean,  like  the  trades  (p.  44),  cause  a  parallel  mov&« 
ment  in  the  Kurface-wat«  rs ;  and  when  the  direction  is  reversed  for 
half  the  year,  ai<  in  the  western  half  of  the  tropical  Pacific,  the  cur- 
rent is  changed  accordingly.  These  currents  become  marked  along 
shores,  and  especially  through  open  channels.  Prolonged  storms 
often  produce  their  own  currents,  even  in  mid-ocean,  and  moie 
strikingly  still  among  the  bays  and  inlets  of  a  coast. 

These  currents  made  by  the  winds  are  inferior  in  power  to  the 
tidal  currents  anions  the  inlets  and  islands  of  a  oontinental  oMSt; 
but  about  oceanic  islands  they  are  often  of  greater  strength. 
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3.  C^Kfer^mgnto.— >The  fbroing  of  wt/ten  into  bays,  whether  bj 
ifrgiilar  winds  or  storms,  oaoses  a  strong  underHmrrent  outward,  like 
that  from  the  tides.  This  is  especially  marked  when  the  entrance 
of  the  bay  U  broad,  so  ns  to  allow  of  an  in-flow  over  a  wide  area» 

while  tlif  doojMvator  rliannol  i«<  narrow.  In  some  case?,  ships  lying 
at  unclioi-  feel  this  under-current  so  stroni;ly  as  to  "tail  out"  the 
harbor  in  tlie  face  of  a  gale  which  is  blowing  in. 

In  the  ordinary  breaking  of  waves  on  a  beach  or  in  rocky  coves, 
there  is  an  under>cunrent  (or  under-tow)  flowing  outward  along  the 
bottom.  The  wave  advances  and  makes  its  plunge,  and  then  its 
waters  flow  back  beneath  those  of  the  next  wave,  whioh  is  already 
hastening  on  towards  the  beach. 

4.  Barthquake-wavaa. 

In  an  earthquake,  the  movement  of  the  earth  may  be  either  (1) 
a  simple  vibration  of  a  part  of  the  earth's  crust ;  or  (2)  a  vibration 
with  actual  devatlon  or  subsidence.  In  each  case,  the  ocean-waves 
which  the  earthquake,  if  submarine,  may  produce,  have  an  actual 
ftmrard  impulse,  and  are,  therefore,  /weed  or  IrwudaHon  waves.  Thej 
have  great  power ;  and,  as  there  is  no  narrow  limit  to  the  amount 
elevation  which  may  attend  an  earthquake,  such  a  wave  may  be  of 
enormous  heiglit.  An  earthquake  at  Cuncei)cion,  Chili,  set  in 
motion  a  wave  that  traversed  the  ocean  to  tho  Society  and  Navi- 
gator Islands,  3000  and  40UU  miles  distant,  and  to  ihe  llawaian 
Islands,  6000  miles ;  and  on  Hawaii  it  wwvpi  up  the  ooast,  tempo* 
rarily  deluging  the  viUage  of  Hilo. 

2.  EFFECTS  OP  OCEANIC  FORCES. 

The  effects  of  oceanic  forces  are  here  treated  under  the  heads  of — 
(l)  Erosion:  (2)  Transportation;  (.'})  Distribution  of  Material,  or 
Marine  and  Fluvio-marine  formations. 

1.  Sroalon. 

1.  7¥ansportaHon  hy  «urre>i<t.— The  great  oceanic  currents  are  in 
general  too  feeble  to  transport  material  coarser  than  fine  sand,  and 
too  remote  from  coasts  to  receive  any  detritus,  except  from  the  very 
hirge  rivers,  like  the  Amazon.  Still,  the  Labrador  curn-ut,  with  its 
westward  tendency  (p.  41),  acting  against  the  submerged  border  of 
the  continent,  must  have  always  produced  some  southwestward 
transporting  eflbcts.  The  existence  of  the  slope  as  the  true  out- 
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U&e  of  the  ooeanio  bMin  (p.  12)  with  mora  probalnlily  fizM 

bourse  of  the  currents. 

The  tidal  flow  and  upper  wind-atrrenU  may  produce  moltS 
to  tlio->e  of  fre.sh-water  streams  of  equal  velocity. 

The  I'ibiiuj  tide  and  the  utuLT-currcnts  act  on  the  bottoms  of  inlets  and 
harbors,  and  especially  their  channels,  and  are  an  importaut  meau> 
of  keeping  them  open  to  the  ooem  end  of  modeUmg  (heir  forma. 

2.  Eromon  wovef  .— The  waves  bring  to  bear  the  violence  of  a 
cataract  upon  whatever  is  witliin  their  reach,— a  cataract  tliat  giili 
all  the  continenta  and  oceanic  islands.  In  stormy  seas,  they  have 
the  foroeof  a  Niagara,  but  with  far  greater  eflfects;  for  Ni^ara  iklls 
into  a  watery  abyss,  wliile  in  the  case  of  the  waves  the  rocks  are 
made  bare  anew  for  each  succossivo  plunge.  It  is  not  sur|)rising. 
therefore,  that  in  regions  like  Capo  Horn  or  the  coast  of  Scotland, 
where  storms  are  common  and  the  bordering  seas  deep,  the  cli£& 
should  undergo  constant  degradation  and  he  fronted  hf  lofty  cas> 
tellated  and  needle^haped  rocks.  The  action  of  the  ordinvy 
breakers  is  sufficient  to  wear  the  rocky  shores,  reduce  stones  to 
gravel  and  sand,  and  grind  the  sands  of  beaches  to  a  finer  powder. 

The  olUb  of  NorMk  sad  8afliBik»  Baglsad,  sfford  sa  exaaipU  tkat  has  hum 

long  under  observation,  aS  the  oonatrj  is  one  of  kessts  and  caltivate<i  fields. 
Lyell  states  that  when  the  present  inn  at  Shcrringham  wos  built,  in  l^^OS,  it  w«J 
fifty  yards  from  the  sea,  and  it  was  computed  that  it  would  require  seventy 
years  for  the  sea  to  reach  the  spot^^iho  mean  loss  of  land  having  been  oaka* 
latad,  tnm  fomar  oxporioneo^  to  bo  somowhat  loos  thaa  ono  yard  aaaoaUy. 
Bat  tt  was  aot  considered  that  the  slope  of  the  ground  was  from  the  sea.  Be- 
tween the  years  1824  and  1829,  seventeen  yards  were  swept  away,  bringinsr  the 
waters  to  the  foot  of  the  garden ;  and  in  1829  there  waa  depth  o&oagh  for  • 
frigate  (twenty  feet)  at  a  spot  whofo  aolUT  of  fifty  Ibot  stood  fbrty'Oifkt  y«a 
bolbfa.  Farthor  to  the  soiitli,  tfco  aaolaat  vlUagos  of  Shipdea,  Wimpwell,  sad 
Eocles  haro  disi^poavod.  XkfS  OBOfOadknent  of  the  sea  haa  been  g<  >  i  n  ^  on  from 
time  immemorial.  Many  examples  might  be  cited  from  the  American  coftJti 
but  none  a^  rcuiarkablo  have  yet  been  described. 

These  effects  of  the  sea  on  coast?(  depend  on  (1)  the  height  of  the 
tides  ;  (2)  strength  and  direction  of  tidal  currents  ;  {'^)  direction  of 
the  prevalent  winds  and  storms ;  (4)  force  of  the  waves;  (5)  nature 
of  the  rock  of  the  shores ;  (G)  outline  of  the  (x>ast. 

Soft  sandstones  in  horizontal  layers,  and  beds  of  gravel  or  earth, 
are  easily  removed.  But  granite,  gneiss,  quarts  rock,  and  trap  cr 
basalt^  undergo  usually  but  slow  wear.  Projecting  headlands, 
which  stand  out  so  that  the  sea  can  batter  them  from  opposite 
direottons,  are  especially  exposed  to  degradation,  and  particularly 
those  on  windward  roast<^. 

3.  TKs  wearing  action     wavet  on  a  coast  u  maitUjf  confined  to  a  hagM 
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ietaetm  A^A  and  hm  lufet.— Since  a  wftve  ia  a  body  of  water  rising 
above  thegenei-al  surface,  and  when  thus  elevated  makes  its  plunge 
on  the  shore,  it  follows  that  the  upper  line  6t  wearing  action  may 

be  con«idt^rably  abov«'  linjh-iule  Ipvel. 

Again,  the  lower  limit  of  erosion  is  aliovo  low-tide  level,  for  the 
waves  have  their  lejust  fort  e  at  low  tide,  and  tlieir  greatest  during 
tho  pt-ogressiug  flood ;  and  when  the  waves  are  in  full  force,  the 
focks  below  are  already  protected  by  the  waters  up  to  a  level  above 
low-tide  mark.  There  is,  therefore,  a  level  of  greatest  wear,  whioh 
is  %  little  above  half  tide,  and  another  of  no  wear,  which  is  just 
above  low  tide. 

This  feature  of  wave-action,  and  the  reality  of  a  line  of  no  wear 
above  the  levol  of  low  tide,  are  well  illustrated  by  facts  on  the  coasts 

of  Australia  and  Now  Zealand. 

In  figure  944  (representing  in  ])rofile  a  elitT  on  the  coast  f)f'  New 
South  Wales  near  Port  JackHon),  the  horizontal  strata  of  tho  foot 
of  the  cUfl*  extend  out  in  a  platform  a  hundred  yards  beyond  the 


Clifr,  New  ik>uth  Walac  **T1m  Old  Hat,"  New  Zealand. 


eliir.  The  tide  rises  on  the  platform,  and  the  waves,  unable  to 
reach  its  roeks  to  tear  them  up,  drive  on  to  V)ntter  the  lower  i>art 
of  the  clitf.  At  (lie  Bay  of  Islands.  New  Zealand!,  the  rooks  liave 
no  horizontal  stratification,  and,  still,  there  is  the  same  sea-shore 
l»latform  ;  and  an  island  in  the  bay  (fig.  045)  is  called  "The  Old 
Hat."  The  tet^-tkore  plai/orm  of  eoral  ukauU  has  the  same  origin. 
The  staStfi^  ^  temd^kit  in  the  foce  of  the  sea  is  owingto  this  cause. 

In  seas  of  high  tides  and  frequent  storms,  the  platform  is  narrow 
or  wanting,  owing  to  the  tearing  action  of  the  heavy  waves. 

2.  Aransportatioii. 

1.  TVoa^poftefim  eurrentt.^The  great  oceanic  currents  are  too 
feeble  to  transport  any  material  coarser  than  fine  sand,  and  too 

remote  from  coasts  to  receive  detritus  of  any  kind,  except  sparingly 
from  the  very  largest  of  rivers,  like  the  Amazon.  Whatever  sinks 
in  the  main  course  of  the  Gulf  Stream  is  carried  some  distance 

soutliwaixl  again  by  the  polar  current  beneath  it. 
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Sea-weeds  are  borne  on  by  tbe  Qulf  Stream  in  great  qwantititi, 

and  thrown  oil'  on  the  inner  side  of  the  current  into  the  great  area 
of  Htiil  water  about  the  centre  of  tbe  North  Atlantic,  called,  froBi 
the  common  name  ol  the  jihrnt  (a  species  of  Fucus).  the  iSuryaao 
&a.  With  the  ^eii-weeds,  tliere  is  a  |irot'U8iou  ol  i>m.iU  hie, — luUei, 
crabs,  shrimps,  Bryo2oans,  etc. 

Pourtules,  in  iiiicrxscupic  cxuuiiniitions  of  souinlin from  hencath  tbe  Gulf 
Stream,  I'uund  ua  ubundance  uf  tbe  ebelitf  ul  Utiuu}iuds,  und  aituu^st  uu  proper 
dMrituf.  D«nejr  luggeitod  that  tli«M  ninat*  coUnUur  mMI*  v«r«  drUtod  to  tbiir 
pl»  a  by  tb«  Btradw;  but  Puurtalat  aoneludai^  bom  hb  obaanratioai^  that  thuf 
liva  at  tha  daptlu  in  whieli  thaj  ara  fonnd. 

In  polar  seas,  where  there  are  glaciers  and  icebergs  large  quan- 
tities of  gi-avel.  earth,  and  boulders  are  often  floated  off  on  the 

bergs.  From  the  Arctic  they  are  borne  south  by  the  pohir  current 
to  the  H  inks  of  NcwrouiKUaud  ;  there  the  icehergs  encounter  the 
edir*-  ot  tlie  (iult  ^Stream,  and  melt,  dropping  their  freight  over  the 
bottom. 

Tulai  and  wind  currents  have  the  same  powers  of  transportation 
rivers  of  equal  velocity. 

2.  TVtuufmrtation  wava. — ^As  follows  from  the  force  of  waves 
against  shores,  stated  on  p.  <*54,  they  have  great  transporting 
power;  but  their  action  is  confined  to  narrow  limits  of  d.  ]>tli,  and 
is  exerted  mainly  when  the  plunging  waters  strike  and  d  ish  upon 
a  sandy  or  r^)cky  coa-t.  Large  rocks  ol'trn  liave  their  buoyancy 
m  increiUied  by  tlie  t>ea-weeds  attaclied  to  thcni. 

Stfvcn^on  report-'  tliat  a  block  of  pnciss  of  504  cubic  feet  (about  fortT-lwo 
tonf)  lyinj  <m  u  bcacli  (ia  Scotland)  was  moved  five  fuct  by  tbe  waves  Uurisf 
OBO  atona.  and  was  than  ao  wedged  ia  that  its  ikrtlicr  prugre^  was  prcToatai. 
Tho  la-eomiaf  wavs^  as  it  strnek  it»  gava  it  a  ahora^  aod.  poabing  on,  buried  it 
fruin  right,  making  a  perpendicular  ri^o  uf  tbirty-nina  or  forty  foot;  aad  ia  tka 
back  run  the  mass  was  again  uplifted  with  a  Jerk. 

Marine  animal-^,  or  tlieir  relics,  an<I  sea-weeds,  are  thrown  abun* 
dantly  on  coasts  hy  the  waves ;  and,  in  some  regions,  whales  that 

venture  too  near  th<'  lan<l  are  carried  up  and  k^ft  flounderinjr  on 
the  sand.  This  huj>i)('iis  nul  UTi(Vt  <jueiuly  about  tlie  Chusan  Inlands 
in  the  China  8ea&,  where  the  tidal  currents  have  great  force  (p. 
653). 

In  the  case  of  the  heaviest  waves,  and  especially  earthquake- 
waves,  the  waters  first  retreat  to  an  unwonted  distance,  and  then 
advance  in  their  mighti  striking  deep,  and  tearing  up  strata  that  at 

other  times  are  under  the  protection  of  the  waters. 

In  the  wave-movement  on  soundings,  and  not  close  in-shore,  tbe 
propulsion  of  each  wave  is  very  small ;  and  its  power  of  aooomplish- 
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ing  great  transporting  effects  lies  in  its  incessant  action.  The  waves 
thus  beat  back  the  detritus  tbrowii  out  by  rivers,  and  cause  them 
to  be  depoeited  mainly  over  the  bottom  in  the  shallower  waters,  and 
•  against  the  shores,  and  so  prevent  their  being  lost  to  the  land  by 
sinking  in  the  depths  of  the  ocean. 

la  th«  psMSg*  of  thtt  gmt  war*  of  the  eagre  on  the  Ttleo-tang  (p.  tho 
boati  floatiag  in  the  luiddlo  of  tho  stream  rise  and  Tall  on  the  tumultuous 
waters,  but  are  carried  only  a  vcrj-  short  di.-tancc  forw.uii.  Yet,ul(>n;;  the  .-i(le« 
of  the  rivcr.tbc  wave  lain  away  tlio  banki>,  and  in  pluccs  ecnds  a  deluging  flood 
over  the  shores,  a  true  ti<lal  current,  which  doviutates  the  country. 

It  follows,  from  the  faot>;  stated,  that  no  eontinont  can  contrilnite 
to  tho  (letrital  aceiiniiilatioiis  of  anotiier  fonthu  iit  oxrept  through 
the  aid  ot  icebergs.  Had  there  formerly  existed  a  continent  in  tlie 
midst  of  the  present  North  Atlantic,  America  would  have  received 
from  it  little  or  no  rock*materiul.  The  tides  and  waves,  and  tidal 
and  wave  currents,  all  work  shoreward. 


9.  Platrtbation  of  matwila],  and  the  formattoii  of  marine  and 

flavlo^marine  deposits. 

1.  Oceanic  Formations. 

The  deposits  of  oce.inic  currents  consist  only  of  fine  detritus:  no 
oonglomi'rat<>s  or  coarse  sandstonos  ran,  thi'iefore,  l)e  iii  ide  from 
them.  The  (iulf  Stream  h.is  littlo  p<twcr  in  niakiiiir  ^x\c]\  <h'j>o^itfl. 
as  it  carries  along  scarce'y  any  detritus.  The  bottom  of  tlie  Atlan- 
tic between  Ireland  and  Newfoundland  consists  almost  solely  of 
the  shells  of  microscopic  organisms  (p.  C12). 

By  means  of  iceberg,  the  currents  of  the  ocean  may  distribute 
•  widely  t lie  coarsest  of  rock-material;  hut  nearly  all  the  icebergs 
of  the  North  Atlantic  drop  their  loads  of  gravel  and  stone  in  the 
vicinity  of  the  American  continent,  and  not  in  mid-oc<'an.  The 
(iflHjsit.^  viailr  h<i  ircfu-iyi  consist  of  gravel.  s:in<l.  and  stones  of  all 
hizes,  up  to  many  tons  in  \vei«;ht.  ]ironiiscuously  mingled,  without 
stratification.  They  nro  thus  unlike  all  the  rock-forniations  over 
the  continent  preceding  the  period  of  the  Post^ertiary. 

Mr.  Babbage  has  shown  that,  taking  four  kinds  of  detritus,  of 
such  a  size,  shape,  and  density  that  they  would  sink — the  Jfrst  kind  10 
feet  an  hour,  the  second  8,  the  third  Ct,  the  fourth  4,  then  if  a  str*  nr^i 
containin-;  this  detritus  were  IfK)  feet  deep  at  mouth,  and  ent<'r<-(l 
a  sea  having  a  unifoiin  deptli  of  KKK)  fc-t,  and  a  rate  of  motion  of 
two  miles  an  hour,  the  first  kind  would  be  carried  180  miles  before 
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the  first  portions  would  reach  bottom.  Mid  would  be  distributed 
•long  for  20  miles ;  the  corresponding  numbers  for  the  others  would 
be— (2)  225  snil  25  :  (3)  360  and  40 ;  (4)  450  and  50.  Thus,  four  kintl* 
of  deposits  would  be  formed  from  the  seme  streamlet  different  dis- 
tances  from  its  mouth. 

2.  FhrrfUiHoni  on  Somdin^s  and  along  Coasts. 

1.  Ori/in  of  the  matrrial. — The  material  of  soa-shoro  formations 
is  derived  from  two  sources :  (1)  tiie  detritus  of  rivers ;  (2)  the  wear 
of  coasts. 

All  the  riTors  entering  an  ocean  bring  in  m«re  or  less  detritus* 
especially  during  fr*  slu  ts.  The  quantity  from  the  Ifisdsrippi  is 
stated  on  page  G44.   The  amount  thus  contributed  to  the  ocean 

depends  on  the  geographical  extent  of  tlie  river-systems  bordering 
it,  and  tliL-  annual  amount  of  rain,  snow.  et<-.  In  both  these  respects. 
North  and  Soutlx  Am<'rica  excet'd  the  other  ooutiueuts;  and  the 
ocean  which  receives  tlie  detritus  is  the  Atlantic. 

2.  IHtbr^bniSmi  md  aeeumulation.— -The  distribntioii  and  aeeniiHihir 
tion  of  the  material  may  take  phu  e  (1)  from  the  action  of  waves 
alone;  (2)  fW>m  waves,  and  tidal  or  wind  currents;  (3)  from  the 
waves,  the  shore-currents,  and  the  currents  of  rivers. 

(1.)  The  accumulations  made  by  waves  aro  either  in  the  form  of 
beaclies  or  off-shore  deposits  of  detritus.  As  the  plunge  of  the 
wave  is  analogous  to  that  of  a  torrt'nt,  its  waters,  while  grin<ling  the 
material  upon  which  they  act,  Wiu-h  out  the  tiuer  portion,  and  curry 
it  away  by  means  of  the  under-tow.  The  beach  consequently 
oonsiiteof  more  or  leas  coarse  material,  according  to  the  atrength 
of  the  waves:  it  may  be  sand,  pebbles,  or  even  large  stonea,  if  the 
rocks  of  the  coast  are  of  a  nature  to  afford  them.  In  sheltered 
bays,  when>  the  waves  are  small,  trituration  is  gentle,  and  themat^ 
rial  of  the  beach  may  be  a  fine  mud  or  silt. 

The  height  of  a  beach  depends  on  the  height  of  the  tides  and  the 
strength  of  the  waves.  The  sands  thrown  beyond  the  farthest 
reach  of  the  waves  are  often  accumulated  into  higher  ridges,  and 
make  the  wind-drifts  and  dunes  described  on  page  629. 

(2.)  The  <&£s;a}MfwnMf«iim<»  give  direction  to  the  1^ 
up  by  the  waters.  This  material  may  be  the  sands,  stones,  etc  of  a 
b(\ich,  or  the  finer  material  from  the  bottom,  or  the  mud  stirred  up 
from  greater  depths,  down  even  to  100  feet,  by  the  heavy  wave«  of 
stornis.  The  enrrents,  their  general  course  being  otherwise  deter- 
mined, flow  where  they  find  tlie  freest  and  deepest  passage,  and 
drop  their  detritus  wherever  there  is  a  diminution  of  velocity.  This 
precipitation  takes  place  in  the  waters  thrown  off  either  side  of  tho 
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current,  and  especially  the  shoreward  side,  towards  which  the  waves 
set  the  tloutini^  material ;  also  where  capes  make  a  lateral  eddy, 
•lid  where  any  obetniction  tends  to  retard  the  waters.  A  vessel  sunk 
in  the  passage  may  divert  the  waters  a  little  to  one  side,  where  they 
may  have  an  easier  flow,  and  become  itself  the  hasis  of  an  accumu- 
lating sand-bank. 

The  increase  and  shaping  of  a  sand-spit  depend  usually  on  the 
action  of  the  in-flowing  tidal  current  and  waves  on  the  outer  side, 
and  that  of  tlie  out-flowing  on  the  inner,  the  latter  being  the  deeper 
and  oi'ten  the  more  etl'ectual. 

This  point  is  well  illustrated  by  Cnptain  Davis  Id  his  excellent  paper  on  the 
geolof^ical  effects  of  tidal  action.  lie  mentions  the  cn.*os  of  lonp  points  thus 
made  on  the  eastern  e^Ltrcmity  of  2santucket,  where  the  current  on  the  outside 
•f  th9  Uhtad  Mts  from  th*  w««t  to  tho  oait,  and  ftom  tho  aoatb  to  tho  north. 
Vomla  wrecked  on  the  south  side  of  the  island  have  been  carried  by  it,  In 
piecemeal,  eastwanl,  and  then  northward  to  the  beach  north  of  Sankaty  Head. 
The  cual  of  u  Philadelphia  veescl,  lo.«t  ut  the  wret  end  of  the  island,  was  carried 
around  by  the  ennio  route  to  the  northern  extremity. 

Whoro  the  wind-current  changes  fiemi-annually,  the  accumula- 
tions made  by  the  current  when  flowing  in  one  direction  are  some- 
times transferred  to  another  side  of  an  island  or  point  during  the 
next  half-year. 


A.  Hague  states,  in  a  recent  article,  that  at  Baker  Island  (of  coral),  in  the 
Pacific  (0°  15'  N.,  176°  22'  W.),  this  fact 
la  woU  oxhibiled.  In  fig.  M6, 1 1 1  is 
the  southwest  point  of  the  island,  and 
R  R  R,  the  outline  of  the  coral-reef  plat- 
form, mostly  a  little  above  low-tide 
lerel ;  its  width,  e  rf,  100  yards.  In  the 
■ammwr  SMwm,  wb«n  tbo  wind  is  fWnn 
tho  sontheast,  the  beach  has  the  outline 
«.  a,  •  •  during  tho  winter  month*,  when 
the  wind  is  northeast,  the  material  is 
tnnaferrod  aronnd  the  point,  and  has 
the  position  tp,  w,  to,  harhig  a  width  at 
«i  ft  of  SOO  feet  A  vessel  wrecked  in 
snmmer,  and  Rtrnnded  at  V,  was  trnn.«- 
ferrcd  to  V'  in  the  course  of  the  month  of  November. 

(3.)  The  combination  of  warr-artmn  and  marine  currents  v  ith  the  mr- 
r^nts  of  rivrrs  produces  results  analogous  to  those  proceeding  from 
marine  currents  and  waves  alone,  but  with  greater  complication, 
and,  in  the  present  age,  of  far  greater  extent,  because  rivers  add  so 
TWtly  to  the  material  of  deposits  by  their  detritus. 
The  flow  of  rivers  and  the  movements  of  the  ocean  are,  in  general 
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in  direct  opposition.  The  in-flowing  tide  sets  bnck  the  rivers,  quiets 
the  waters,  and  Hood:}  the  adjoining  tidal  flats;  and  conse«iuently  a 
deposition  of  detritus  Uikes  place  over  the  flats,  and  the  he<l  of  tlie 
stream.  The  turn  of  the  tide  sets  the  river  again  in  full  movement, 
and  it  takes  up  the  detritus  dejMjsited  over  its  betl  (but  only  little 
of  what  fell  over  the  flats)  and  bears  it  to  the  ocean.  Here  the  cur- 
rent loses  much  of  its  velocity  in  the  face  of  the  waves  and  with  the 
spreatling  of  the  waters,  and  hence  a  deposition  of  detritus  goes  on  : 
this  continues  until  the  next  tidal  flow  dams  up  the  fresh-water 
stream  anew.  Between  the  ocean  and  the  river  there  is  a  region 
of  comparative  eriullibrium  in 

*i    *  ;        1*1  Fig.  947. 

the  two  movements,  and  there  " 

the  accumulations  of  sand  or 

detritus  take  place,  forming 

sand-bars. 

Ilamphrejs  iind  Abbot  observe,  in 
speaking  of  the  Mi.«aissippi  delta, 
that  0.S  the  rivcr-vruter  risen  al)i)vo 
the  salt  water,  from  it:<  low  den!<ity, 
there  is  a  dead  nnglo  bctiTccn  the 
two.  The  current  out  the  Passes 
pushes  sand  and  earth  before  it,  un- 
til, reaching,  it  begins  to  ascend  upon, 
the  salt  water  of  the  Gulf,  and  here 
this  material  "  i."  left  upon  the  bot- 
tom in  the  dead  angle  of  salt  water. 
A  deposit  is  thus  formed,  whose  sur- 
face is  along  or  near  the  line  upon 
which  the  fresh  water  rises  on  the 
salt  water  as  it  enters  the  Qulf ;  and 
this  action  produces  the  bar." 

The  distance  off  the  mouth 
of  a  river  of  these  sand  bars  or 
barriers  will  depend  on  the 
size  and  strength  of  the  rivers 
on  one  side,  and  the  height  and 
force  of  the  tides  on  the  other. 
Small  streams  are  often  blocked 
up  entirely  by  a  sand-bar  across 
their  mouths,  and  the  waters  reach  the  ocean  only  by  percolation 
through  the  beach.  Large  streams  make  distant  .«iand  reefs  and 
barriers  even  in  the  face  of  the  ocean.  The  North  American  coast 
from  Long  Island  to  Florida  is  fronted  by  ranges  of  barrier  reefa 
shutting  in  c-Mcnded  sounds  or  narrow  lagoons. 
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The  acoompAiiyiiig  map  of  Pamlioo  Sound  and  the  region  about 
Gape  Ilatteras  (fig.  947)  illustrate  this  feature  of  tlie  continent. 

Tho  nuniorou:!  livers  of  thia  well-watore<l  coast  carry  great  quan* 
titles  of  detritus  to  the  ocean, — part  of  which  is  borne  out  to  sen  to 
raise  the  gro.it  suhmarino  i)lato:ui  of  tho  coxst,  and  another  part  is 
added  to  tho  harrit  r  and  to  tho  hajiks  an<l  Ihits  of  tho  Sound.  'l"ho 
contraction  of  the  Sound,  wliich  is  going  on  hy  tiie  additions  to  tlie 
flats  and  over  its  bottom,  gradually  prolongs  the  channel  of  the 
liver  towards  the  ocean.  This  gives  greater  force  to  the  river^ur- 
rent,  and  it  acts  in  coi\junction  with  the  strong  ebb  tide  against  the 
inner  side  of  tho  bniTicr,  in  slowly  wearing  it  away.  At  the  same 
time,  the  outflowing  stream  and  tidal  current  cniry  a  greater  quan- 
tity of  detritus  into  tho  oroan,  contrihuting  san<l  to  the  beach  and 
finer  dotri;u<  to  tho  jilatoau,  tlio  nature  of  wave-action  on  a  hoach 
being  such  as  to  h  avo  only  the  sand  or  coarser  material.  Thus,  by 
A  slow  process,  the  mainland  gains  in  breadth,  and  the  river  in 
length,  and  the  barrier  moves  gradually  seaward.  In  other  cases, 
the  lagoons  inside  of  the  barrier  become  filled,  and  a  continuous 
marsh,  and  ultimately  dry  land,  is  made  out  to  the  barrier.  All  the 
low  lands  along  tho  oa'^tem  coast  of  the  continent,  and  that  l)order- 
ing  on  tho  CJulf  of  ^foxiro,  in  mo<t  parts  many  scores  of  miles  in 
brea<lth,  havo  boon  m:Hle  in  tho  m.innor  in'ro  jiointod  out. 

When  the  tides  are  very  small,  or  fail  ahogother,  tlio  rivers  may 
reach  the  sea  by  many  mouths  without  the  formation  of  barriers, 
or,  in  other  words,  may  form  true  deltas.  The  lieight  of  the  tide 
of  the  Mexican  Oulf  along  the  north  shore  is  but  twelve  to  fifteen 
inches;  and,  consequently,  while  most  of  the  streams,  before  even 
this  small  tide,  have  their  bars  and  harriors,  the  great  Missi.^sippi 
sends  its  many  arms  faroiit  into  tho  (Jnlf,  prolonging  its  cliannol^  in 
the  face  of  winds,  wavos,  and  tido  ilig.  942.  p.  G  lti).  Inripi.Mit  sand- 
bars at  times  form  ;  hut  those  serve  only  to  divide  one  of  the  great 
channels,  and  make  a  new  branch. 

The  course  of  the  out-flowing  currents  during  ebb  tide,  in  con- 
junction and  alternation  with  the  in-flowing  tidal  current  and  waves, 
determines  the  position  of  the  channels  and  sand-bars,  and  causes 
the  prolongation  of  koaka  off  prominent  capes.  In  some  cases, 
wind-currents  aro  ooncornod  in  the  action.  The  gonoral  process  is 
the  same  as  when  only  tho  currents  of  tho  ohl)  and  flow  are  con- 
cerne<l:  hut  the  ehh  tide  has  far  greater  etl'ect  from  the  added 
volume,  velocity,  and  detrital  material  of  tho  river.  The  out-flowing 
eurrents  are  deepand  strong,  sweeping  out  the  channels  of  bays  and 
lagoons,  and  moulding  the  sand  bars  and  spits ;  while  the  in-flowing 
move  in  a  more  diflbsed  manner,  and  with  much  less  rapidity  and 
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efliMl  Prof.  Bache  h—  thm  explained  the  incwMno  of  Sudy  Hook 
(the  aonthern  eepe  at  the  entranoe  of  New  York  Bey).  His  obwr- 
vetioiiB  proire  that  the  current  during  ebb  tide  is  most  effectual  in 
prolonging  and  shaping  the  Hook,  though  the  in-flowing  tide  oon- 
tributes  to  the  result,  and  the  waves  aid  in  giving  the  hook-like  form 
by  bending  in  the  extremity.  The  Hook  has  been  elongated  at  the 
rate  of  "one-sixteenth  of  a  mile  in  twelve  years,"  sinoe  the  time 
when  the  first  precise  observations  wi-re  made. 

3.  Structure  of  the  /ormations. 

Beaoh-formations  are  irregularly  stratified,  the  layers  being  mueh 

interrupted,  and  varying  every  few  rods  or  less,  as  represented  in 
fig.  01  d,  p.  93,  Tlie  layers  are  either  of  sand,  gravel,  pebbles,  or 
stones.  In  the  lower  part,  where  washed  by  the  tides,  they  often 
slope  seaward  a  few  degrees.  Over  the  area  of  shallow  waters  out> 
side,  the  deposits  in  progress  donsist  mostly  of  fine  detritus*  either 
sandy  or  argillaceous,  with  rarely  pebUes,  except  near  the  beach ; 
and  through  the  greater  part  argillaceous  beds  prevail,  as  shown 
by  Boundingfi.  The  beds  may  be  uniform  over  very  large  surfaces. 
These  regions  are  fifty  to  eighty  miles  wide  on  the  eastern  border 
of  North  America  (fig.  GG4,  p.  441).  In  the  lagoons  or  bays,  argil* 
laceous  deposits  are  the  most  extensive;  but  sand  and  pebbles  may 
be  distributed  among  them,  esjiecially  off  the  mouths  of  streams. 

As  stated  on  page  612,  the  material  of  tho  bottom  of  the  rabmerged  plateau, 
above  referred  to,  outside  of  a  depth  of  90  feet,  coosiite  mt  surfaoe  oo*-half  of 
Rhifopod  shells.  Off  soathem  New  Bnglsad,  at  depths  betweea  SOO  aad  5M 

feet,  from  a  region  sootbesst  of  Montauk  Point  to  that  southeast  of  Cape  Hcn- 
lopcn,  the  eoundinpn.  according  to  Bailey,  confi^t  chirflif  of  these  shells.  At 
greater  depths,  beyond  the  limit  of  the  plateau,  Pourtalcs  found  almost  a  pore 
floor  of  BUsopods.  Tho  spseiss  sro  deep<wat«r  species,  differing  thas  fkosi 
those  of  tho  Now  Jersey  Cretaceous  beds.  Poortales  observes,  in  a  rsssat  Isttsr 
to  Profcsjor  Baehe  (dated  May  17,  18(52),  that  along  the  plateau  between  the 
mouth  of  the  Mississippi  and  Key  West,  for  two  hundred  and  fifty  miles  from 
the  month,  tho  bottom  eonsists  of  elay,  with  some  sand  and  hut  few  Rhiiopods ; 
bnt  bsjond  this  tlio  sonndfaigs  bronght  np  either  Rhisopod  shells  aloao^  or  Ihots 
nixed  with  eoral  sand,  Nnllipores,  and  other  calcareous  organisms. 

As  microscopio  life  abounds  in  harbors  where  rivers  make  frequent  depositions 
of  sediment,  the  presenoe  of  a  considerable  proportion  of  Rhitupods  is  consistent 
wtth  sa  aBBaal  inersass  of  tho  platoaa  flrom  sodimontary  depositions.  (Baiky, 
flasllhseaiaa  Contrib.  ii. ;  Amor.  Jonr.  6eL  [2]  xvii.  176,  and  xxIL  282 ;  Ponrules, 
Trans.  Amer.  Assoc.,  Charleston  meeting,  18M,  M;  Bepocts  Ooost  Sanrej  Cat 
1853,  p.  83,  and  IS 58,  p.  248.) 

Ripple-marks  are  often  made  by  the  waves  over  the  finer  beach- 
sands,  where  they  are  low  and  partly  sheltered,  and  also  over  mud- 
flats.  The  flowing  water  pushes  up  the  sand  into  a  ridgelet,  as  high 


Digitized  by  Google 


THE  OOIAH.  065 

as  the  force  can  make,  and  tlien  plunges  over  the  little  elevation  and 
begins  another;  and  thus  the  succession  is  produced.  The  height 
and  breadth  of  the  intervening  space  will  depend  on  the  force  and 
▼elocity  of  the  flowing  water,  and  the  ease  with  which  the  ttud  or 
mud  is  moved.  Bii»ple4iiark8  may  be  made  bj  the  Tibration  of 
waves  even  at  depths  of  300  to  500  feet. 

The  rapid  in-flowing  tidal  or  other  ourrent  over  the  sands  of  sand- 
bars, and  the  bottoms  of  bays,  may  produce  an  effect  similar  in 
general  character  to  ripples,  although  on  too  largo  a  scale  to  be  re- 
cognized as  such.  The  olJir/uf  lamination  of  /ttt/crs,  r('i>rosentt'd  in  fig. 
61  e,  p.  93,  is  probably  a  result  in  this  way  of  a  pushing  action  in 
waves  or  currents. 

When  a  wave  dies  out  on  ft  heeeh*  it  sometimes  leavee  a  tradng 
of  its  sweep  on  the  sand,  as  a  wa9e4U»e:  and  the  returning  waters 
flowing  by  any  hal^huried  shell  or  stone  may  make  rills  in  the 
sand,  or  rill-marks  (fig,  63,  p.  94). 

Broken  shells,  and  other  marine  relics  in  fragments,  are  common 
in  beach -deposits.  Below  high-tide  level,  there  may  be  the  vertical 
borings  of  sea-worms,  of  certain  Crustaceans  (as  species  of  the  Callia- 
nas.ia  family),  and  some  Mollusks.  In  the  oft-shore  shallow  waters 
occur  beds  of  living  Mollusks,  and  other  kinds  of  animals,  as  well  a& 
plants,  var}  ing  according  to  the  depth. 

4.  Action        oceanic  waters  over  a  udmtrgcd  Coniineni,  md  during  a  gra- 
dual cubmergenee  or  eUvatum, 

1.  Marine  d!e;^w«ftf.— The  most  obvious  effbct  of  the  slow  submer- 
gence of  a  continent  beneath  the  waters  of  the  ocean  would  be  the 
working^ver,  by  the  waves  and  marine  currents,  of  the  loose  earth, 
gravel,  and  alluvium  of  the  surface,  thereby  changing  them  into 
marine  deposits.  The  depth  to  which  this  alteration  would  extend 
wouhl,  for  the  most  part,  bo  much  less,  probably,  than  a  hundred 
feet.  Whatever  the  extent,  the  ocean,  besides  exterminating  living 
species,  would  obliterate  most  of  the  remains  of  terrestrial  life  in 
the  altered  deposits,  and  introduce  its  own  living  Mollusks  and 
other  tribes  throughout  the  new  continental  seas. 

2.  Feaharee  ^  the  ewrfaee  not  aUered  an  exeaoaHon  i/  nofl!^  bntfya 
diminution  of  Ue  he^hte  and  a  Jilling  of  pre-existing  vallqft. 

It  might  be  supposed,  at  first  thought,  that  the  ocean  would  wash 
through  the  valleys  with  great  excavating  force,  and  make  deep 
gorges  over  the  surface.  The  real  effect  will  be  best  learned  from 
the  present  action  on  sea-roasts;  for  with  every  foot  of  submer- 
gence the  sea-beach  would  bo  set  a  little  farther  inland,  so  that 
the  whole  would  successively  pass  through  the  conditions  of  a  sea- 
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•hare.  On  existing  sea-shores  the  action  in  progress,  instead  of 
tending  to  excavate  valleys,  produces  just  the  contrary  eflR»ct.  It  b 
everywhere  wearing  off  exposed  headlands,  and  filling  up  bays. 
The  salt  waters,  in  flMt,  enter  but  n  short  distance  the  river-valleys 

of  a  const,  because  they  are  exclutk-d  by  the  out-flowing  stream. 
The  W>tt<»in  of  th«'  IIlul■^on  is  l)('h)\v  the  sea-lcvcl  for  a  long  di-^t.uice 
boyonil  tiic  linut  to  which  the  pure  ocean-water  extends:  the  8umo 
is  true  of  the  St.  Lawreni  o,  untl  of  ni  iny  other  rivers  along  the 
ooast.  During  a  progressing  submergence,  therefore,  the  ocesn 
would  have  no  power  of  excavating  narrow  valleys,  unless  they 
happened  to  be  open  at  both  ends,  so  as  to  allow  the  oceanic  cur- 
rents to  sweep  through. 

As  the  subniergenee  progressed,  there  would  be,  through  wave- 
aotioTi.  extensive  de;;radation  of  the  ridges  and  Tnoimtiiin-i  over  the 
biirfat  f.  find  a  distrihutioji  of  tlie  detritus  through  the  intervening 
depressions.  In  a  subsequent  emergence  of  the  land,  the  moun- 
tains and  ridges  would  be  still  further  degraded,  and  the  valley:^ 
filled  by  their  debris.  The  laws  of  sesrcoast  action  would  again 
oome  into  play,  and  the  wear  of  all  new  headlands,  and  the  filling 
of  bays,  continue  to  be  the  result,  as  long  as  the  emergence  was  in 
progress. 

?>.  iyr,  r(s  as  to  thr  formation  of  marine  depoiUs  when  a  contimaU  it  mo$lfy 

without  tnouiita'tn-rani/i  .f  ami  vallnis. 

If  the  coiititK  iit  were  to  a  large  extent  without  mountain-;,  the 
broad  Hat  surface  migiit  then  lie  slightly  above  or  below  tide-level 
at  once,  or  nearly  simultaneously,  so  that  under  a  small  change  of 
level  the  waves  could  sweep  across  the  whole  area.  It  has  been 
shown  thai  the  Appalachian  Mountains  were  not  raised  untU  after 
the  Carboniferous  nge,  and  the  greater  part  of  the  <locky  Moun- 
tains not  Viefore  the  close  of  the  Cretaceous  period.  The  North 
American  continent  was,  therefore,  in  early  time,  in  the  condition 
here  suppo.«»ed  ;  and  the  older  ft)rmations  have  a  correspon<ling 
extent  and  character.  There  were  continental  oscillations,  causing 
slight  emergences  of  large  areas  to  alternate  with  varying  sub> 
mergences,  and  through  such  changes  the  variations  in  the  forma- 
tions were  produced,  differences  of  depths  causing  transitions  from 
arenaceous  to  argillaceous  or  to  pebbly  and  ronglomeritic  accumu- 
lations ;  an<l  the  differences  require<l  for  such  changes  are  so  snudl 
that  the  probability  of  finding  the  cotemporaneous  fragmental  depo- 
sits of  Europe  and  America,  or  even  of  distant  parts  of  one  con- 
tinent, alike  ari  uaceous,  argillaceous,  or  conglomeritic,  is  exceed- 
ingly small.  The  details  of  the  history  as  regards  North  America 
have  already  been  given,  and  need  not  bo  hero  repeated. 
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3.  FEEE^ING  AND  FROZEN  WATER. 

Water  performs  pari  of  ita  geological  work  in  the  act  of  freeiing, 
and  another  part  when  froaen,  in  the  condition  of  anow  and  ice. 

1.  WAT£a  FBEEZINQ. 

Bendu^  and  £m%teyra^/nm  expatmon.^Ai  water  in  freeiing  ex- 
panda  on  reaching  39|*  F.»  the  freeaing-procesi»  in  tlic  seama  of 
rocks  opens  tliose  seams,  tears  rocks  asunder,  and  tumbles  fragments 
and  masses  down  precipices  ;  or  in  jjorous  strata  it  crumbles  oti' 
the  surface,  and  causes  disint(';.Mation.  Consequently,  blufis  in  a 
cold  climate,  like  the  trap  hills  of  Connecticut  and  the  highlands 
of  the  lludjion,  have  a  long  talus  of  broken  stone  made  mainly  by 
thia  means,— while  in  a  tropical  climate  the  precipices  are  generally 
free  from  fragments.  Thia  cause  of  degradation  goes  on  incessantly 
in  all  icy  regions  where  tlierc  are  melting  and  freezing,  andmay  haTO 
originated  much  of  the  soil  and  drift  of  the  globe. 

2.  IC£  OF  RIVERS  AND  JuAKES. 

Ice  forming  along  streams  in  which  there  are  stones  envelops 
the  stones  in  fhallow  water,  even  to  a  deptli  of  two  or  three  feet,  or 
more  in  the  colder  climates.  Other  .stones  and  earth  fall  on  the  ice 
from  tiic  bulks.  Wiicn  the  floods  of  .-i>riii;L:  raise  the  stream  and 
break  up  the  ice,  both  ice,aud  stones.often  tlo.it  down  stream  with 
the  current,  or  are  drifted  up  the  hanks  high  above  their  former 
lerel,  or  are  spread  over  the  river-flats. 

Ice  sometimes  forms  about  stones  in  the  bottom  of  riven  when 
the  rest  of  the  water  is  not  frosen,  and  is  then  called  anchorHce,  Jn 
this  condition,  it  may  servo  as  a  float  to  raise  the  stonea  and  to 

transport  them  with  the  aid  of  the  eurr<Mit. 

The  same  modes  of  trau'^portatioii  are  exemplified  in  lakes  as  in 
rivers,  except  that  there  is  less  current,  and  the  stones  are  mostly, 
set  back  up  the  shore.  Large  accumulations  of  stray  stones  far 
above  the  ordinary  level  of  the  lake  are  in  aome  places  thus  made. 

8.  GLACIERS. 

1.  Oeneral  featnrea,  formation,  and  movement  of  Oladera. 

1.  Nature  of  Glaciers. — Olaciers  are  accumulations  of  ice  descend- 
ing by  gravity  alon;;  valleys  from  snow-covered  elevations.  They 
are  icen^treams,  200  to  0000  feet  deep  or  more,  fed  by  the  snows  and 
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^xxftMi  mist  of  regions  above  the  limits  of  perpetual  frost.  They 
mttuk  on  3000  to  6000  feet  below  the  snow-line  (limit  of  perpetosl 
taow),  beoMise  they  are  so  thick  masses  of  ice  that  the  heat  of  die 
mmm»  season  is  not  sufficient  to  melt  them.  Some  of  them  reach 
dawix  botween  green  hills  and  blooming  banks  into  open  culti- 
Tattnl  valleys.  The  extremities  of  the  glaciers  of  the  Grindelwald 
ami  Chaniouni  valloys  lie  within  a  few  hundred  feet  of  the  ^rardens 
and  houses  r>f  the  inliabitants.  Each  glacier  is  tiio  source  of  a 
stream,  made  from  the  melting  ice.  The  stream  begins,  high  in  the 
mountains,  from  the  waters  that  descend  through  the  creTasses  to 
the  ground  beneath,  and  often  makes  a  tmmel  in  the  ioe  above  its 
eourse ;  finally  it  gushes  fortii  ^m  its  cavamons  crystal  recesses  a 
full  torrent,  and  hurries  along  over  its  stony  bed  down  the  valley. 

2.  Glacier  re^ns. — The  best  known  of  glacier  regions  is  thai  of 
the  .Vlps.  The  chain  west  of  the  head-waters  of  the  Rljone  is 
dh  ided  into  two  nearly  jjarallel  ranges,  a  soutliern  and  a  nortliem. 
The  latter  includes,  besides  minor  areas,  two  large  glacier  (.li>triets, 
— ^the  Mt.  Blanc  and  the  Ht.  Rosa  or  Zermatt  district ;  and  the 
former,  one  of  equal  extent*  though  its  peaks  are  less  elevated, — 
that  of  the  Bernese  Oberland.  There  is  another  district  of  gladen 
at  the  head-waters  of  the  Rhone,  and  others  forther  eastward. 

Glaciers  occur  also  in  the  Pyrenees,  the  mountains  of  Norwi^, 
Sjtitzbergen,  Iceland,  the  Caucasus,  the  Himalayas,  the  southern 
extremity  of  the  Andes,  in  Greenland,  and  on  Antarctic  lands. 
One  of  the  Spitzbergen  gla(;ier.s  stretches  eleven  miles  along  the 
coast,  and  projects  in  icy  clifls  100  to  400  feet  high.  The  great 
Humboldt  glacier  of  Greenland,  north  of  79*  20^,  has  a  breadth  at 
foot,  where  it  enters  the  sea,  of  forty-five  miles ;  and  this  is  bat  one 
among  many  about  that  i<^  land. 

3.  Many  Glaciers  from  one  Glacier  diatriet, — The  following  map  (fig. 
948)  represents  tlie  Mt.  Blanc  glacier  region,  excepting  a  small  part 
at  it.s  southwestern  extremity.  The  vale  of  Chamouni  along  the 
river  Arve  bounds  it  on  the  northwest,  and  the  valh>y  of  the  river 
*Doiro  on  the  southeast.  This  mountainous  area,  though  one  vast 
field  of  snow,  gives  origin  to  numerous  glaciers  on  its  diflBnreat  sides, 
— 4aoh  principal  valley  having  its  icecream.  The  series  of  dotted 
curves  show  the  courses  of  the  several  glaciers.  B  is  Kt.  Blanc; 
bit  the  Glacier  des  Bois,  or  Bois  Glacier  (so  named  from  a  viUage 
near  the  foot  of  the  glacier) ;  wi,  the  Mer  de  Glace,  an  upper  portion 
of  tliis  glacier.  Tlie  river  Arveiron  issues  from  the  extremity  of 
the  glacier,  and,  after  a  short  course,  joins  tlie  Arve  near  the  village 
of  Chaniouni.  The  Geant  {g),  Talefre  (/a),  and  Lechaud  (/)  glaciers 
are  the  three  largest  of  the  upper  glaciers  which  combine  to  form 
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Pig.  W*.— Part  of  the  plurlcr  district  of  Mt.  BIhdc,  the  lighter  middlo  portion  of  the  map 
16  milea  long,  out  of  22  nilloi  tho  whole  Icnglh  ;  river  on  the  horthwtMt  nidc,  the  Arvo 
in  the  valley  of  Cbamounl,  luul  that  un  the  Houtheaat  side,  the  Dtiirv:  B,  Mt.  niiuic;  0, 
Aiguille  du  Ofont;  J,  the  Jardin:  T,  Aig.  dii  Tour;  V,  Aig.  Verte;  a,  Argenti^re  Glitcier; 
ha,  BrenTaQl.;  hn.  Boosoni*  01.;  bs,  lU>ii  01.;  g,  06ant  or  Tacul  01.:  /,  U-chnud  til.;  m, 
Met  de  Glace,  upper  part  uf  tho  Boij  Glacier;  mg,  Miage  01.;  ta,  Tal^fro  Gl.;  tr,  Tour 
Gl.;  a.  Tricot  01. 

Fig.  949.— Section  of  the  Mcr  de  Olace  near  m  of  flg.  W,  or  opposite  Treloporte;  950, 
Metkm  of  same  near  bt  of  fig.  94S,  or  opposite  Montnnvcrt ;  051,  View  of  the  RhunoGlacier; 
992,  profile  of  wime.  c,  c,  etc.  being  tho  transTcno  crerasMa,  fading  out,  and  becoming 
cnrred  after  passing  the  cascade  at  am. 
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the  Mcr  de  Glace.  In  fig.  949,  the  bands  correspond  to  differeiA 
tributaries  of  this  glacier,  and  the  broadest  one  to  the  right  is  that 
of  the  Geant  Glacier. 

4.  General  appearance. — Fig.  953  is  a  reduced  copy  of  a  sketch  in 
Agasaiz's  gi-eat  work,  representing  the  Glacier  of  Zermatt.  or  the 
GOrner  GLicier,  in  the  Mt.  Rosa  region.    This  grand  glacier  receives 

Fig.  953. 

^_  

i 


OlBcicr  of  Zermntt,  or  tbo  GUrner  Glacier. 


some  of  its  tributaries  from  the  right,  but  the  larger  part  beyond 
the  Kiflelhorn,  the  near  sumnjit  on  the  loft.  The  dark  bands  on 
the  glacier  are  lines  of  stones  and  earth,  culled  moraines.  The  lon- 
gitudinal lines  on  fig.  049  reprosont  moraines  on  the  Mer  dc  Glace, 
The  ice  of  a  glacier  is  intersected  by  fractures  or  crevasses  made  by 
its  movement  through  the  irregular  valley. 

Glaciers  descend  slopes  of  all  angles.  There  are  cataracts  and 
cascades  among  them  as  well  as  among  rivers.  One  of  the  large 
tributaries  of  the  Mor  de  Glace,  the  Glacier  du  Geant  (j,  fig.  948), 
descends  in  nn  immense  ice-cascade  from  the  plateau  of  the  Col 
du  Goant  into  the  valley  below.    The  Glacier  of  the  Rhone — one 
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Vkf  the  grandest  in  the  Alp»-~ia  another  ioe-cataraot  As  the  glacier 
oommenoea  its  ateep  descent,  it  becomes  broken  across,  and  thus 

great  sections  of  it  plunge  on  in  succession,  separated  imr.ly  by 
profoun  I  transverse  chasm-*.  Fi:j;.  W)  I  gives  the  outline  of  the  lower 
part  of  tlu'  ^'lacier,  am  IxMiig  the  cataract,  mfj  its  term'.n  il  portion 
or  foot,  iVoin  tiie  extixiuity  of  wliich  tlie  river  Rhone  i.s.xucs,  and 
r,  c,  e,  transverse  crevasses  of  the  cascade.  The  same  is  sliowu  in 
profile  in  fig.  952,  in  whicA  e,  c,  etc.  are  the  transverse  crcva-x^es. 

Other  glaciers  in  some  of  the  higher  valleys  of  the  Alps  reach 
the  edge  of  a  precipice  to  descend,  perhaps  thousands  of  feet,  in  a 
crashing  avcJanehe,  in  which  the  Ice  is  broken  to  fragments. 

5.  FormatioH  Giaaert, — ^The  uppermost  portion  of  a  glacier  con- 
sists of  snow  and  frozen  mist,  cleposite<l  in  j^urcessive  portions,  and 
usually  more  or  le>s  distinctly  stratified.  This  part  is  cnHed  the 
neve.  At  a  louv-r  limit,  the  .^no^v  l)econu  s  I'linipai  trd  hy  jiressure 
into  ice,  owing  to  tlie  depth  of  the  aceunmlalions ;  and  hert-  the 
true  glacier  portion  begins.    Below  the  limit  of  perpetual  frost 

«lv  occasional  melting  in  summer,  with  alternate  freezing;  and 
ikwess  aids  in  ohan^ng  the  mass,  as  well  as  the  surface-snow, 
.  The  stratification  of  the  neve  is  not  generally  distinct  in 
\ihe  icy  glacier. 

T/.'-  foUomKg  circumstances  are  essential  to,  or  u^uenee,  the  /ormatiom 

jff  glacierx. 

(1.)  Tlicre  must  he  an  el.-vation,  or  range  of  heights,  above  the 

line  of  perpctu  d  congehition. 

^72.)  Abundant  moisture  is  as  important  as  for  rivers  ;  and  hence 
Pte  side  of  a  chain  of  mountains  may  have  glaciers,  and  not  the 
^opposite. 

*#^^*)  ^  dHforence  of  temperature  between  summer  and  winter  is 

"requisite  ;  for  otherwise  the  snows  will  be  melted  to  the  same  line 
throughout  the  year,  and  will  not  descend  much  below  the  line  of 

perpetual  congelation. 

The  level  of  perpotunl  con  .:<'lation,  and  the  distance  to  whieli 
glaciers  deseend,  depend  on  the  mean  temjjerature  and  moisture  of 
the  region,  and  especially  the  mean  temperature  of  summer  as 
contrasted  with  that  of  winter.  The  height  of  the  snow-line,  or 
that  of  perpetual  congelation,  is  that  in  which  32?  F.  is  the  swnmer 
temperature.  Below  this  runs  the  year-line  of  32^  F.,  along  whidk 
32°  is  the  mean  annual  temperature.  Still  below  this  lies  the  glacier- 
limit, — that  \<.  file  lowest  limit  of  the  glacier.  At  Mont  Blanc,  the 
fnow-l'iM  is  2<M)0  feet  altovc  the  ?i2°  year-line,  and  the  fffaniT-Hmlt  is 
4-J<  H)  to  k'JOO  feot  below  it,  or  0000  feet  above  the  .^ea.  In  t  he  Pyrenees, 
the  enow-line  is  also  20O0  feet  above  that  of  32°  \  in  the  Caucasus, 
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2500  feet ;  in  tome  parts  of  the  Arettc,  3500  feet ;  on  ihe  south  side  of 
the  Himalayaa, 2000  feet, and  on  the  north,  2600 ;  while  in  the  equable 

climate  at  the  equator  in  the  Andes,  the  snow-fine  is  liMM)  feet  bdow 
the  year-line  of  32°.   In  l^orway,  the  glader-iimU  is  4000  feet  below 

the  line  of  32*'. 

The  lower  limit  of  a  glacier  sometimes  varies  several  miles  in  the 
ooarae  of  «  i^ies  of  years.  A  suooeMion  of  moist  yean  inereases 
the  thickness  of  the  glacier,  and  thereby  its  tenden^  downward; 
while  dry  years  hare  the  reverse  effect.  If  the  moist  yean  haTe 
also  long,  hot  summers,  the  descent  and  lengthening  of  the  glacier 
will  be  further  promoted. — since  glaciers  move  most  rapidly  in 
sinnmrT.  Put  liot.  dry  y«'ar.s  would  shorten  it,  by  diminishing  the 
ice,  an<l  especially  at  the  lower  end. 

Lowering  the  mean  temperature  of  a  place  by  cooling  tbo  summers  woold 
lowsr  th«  glMiar-UiBit.  Great  Britain  and  Fii«gia  ara  in  nearly  the  sme  hUi- 
tade;  and  yet  la  Faagia  tlia  •now4lBa  is  only  3000  feet  sImtc  tlM  sm.  by 

any  means,  the  climate  of  Great  Britain  c  iilil  lu>  reduced  to  that  of  Fnc:;ia,  it 
would  cover  the  Welsh  and  Irish  mountains  with  glaciers  that  would  rvx'-h 
the  sea,  the  suow-lino  being  but  1000  to  2000  feet  above  it;  and  the  »ame 
eanie  wonld  plaea  the  mow-line  in  th«  Alps  at  5000  to  0000  ftet  aboT*  th«  tea, 
instead  of  9000.  This  ehsnge  of  temperature  involves  n  rt^moval  of  tropical 
sources  of  hc:it,  or  an  increase  of  arctic  gonrces  of  cold.  The  diversion  of  the 
Oolf  Stream  by  the  submergence  of  Darien  has  been  thought  of  as  a  means  for 
tbe  former  i  bnt  It  naforianately  leareetlie  winds  Mowing  in  their  eld  dinetie^ 
and  these  esnnol  be  eo  easily  a^ansfed.  An  inereaee  of  aretie  lands  by  sneh 
etevatione  as  have  taken  plaee  in  fonner  tiases  wenld  seeompUsh  the  latter. 

6.  The  taw,  raUt  and  method  of  Jlow. — The  law  flow  is  essentially 
that  of  rivers.   There  is  friction  along  the  bottom  and  aides  of  the 

glacier,  and  eohesion  in  the  ice  ndjoininir.  The  flow  is,  eonsequently, 
mo8t  rapid  at  tlie  surface  ;  and  the  axis  of  greate>t  velocity  varies 
from  the  medial  line  to  one  side  or  the  other  of  it,  according  to  the 
bends  in  the  course  of  the  vulley.  The  motion  is  so  slow  that  there 
is  no  atmospheric  (Hction  to  retard  the  sarfbo&TOOveaienk  Ihb 
greater  rapidity  of  the  middle  portion  is  shown  by  the  fact  that  the 
transvene  ridges  made  at  an  ioe^MMcade,  like  that  of  the  Rhone, 
and  the  lines  of  earth  and  sand  in  the  chasms,  become  afterwards 
arched  in  front,  as  shown  in  fig.  951,  in  which  the  crevasses  e  are  at 
first  transverse,  but  curve  below  the  cascade.  The  arch  is  sometimes 
very  much  elongated,  almost  to  a  triangular  form,  as  in  the  Geant 
portion  of  the  Mer  de  Ohue.  This  is  well  illustrated  in  figs.  949, 
950,  firom  Tyn4all:  the  right-hand  half  of  the  figure  corresponding 
to  the  Geant  Olader  (the  cascade  in  which  is  alluded  to  on  p.  670) 
has  the  transverse  bands  (carrying  dirt  and  stones)  elongated 
into  triangles,  while  in  the  other  half  of  tlie  Her  de  Glace  there 
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tfe  no  such  Panels,  ns  the  tributaries  making  it  do  not  descend  in 

cascades.  (Ty  ndall.)  This  difference  of  velocity  1  .etween  the  middle 
and  sides  of  a  glacier  has  been  proved  also  by  direct  experiment. 

The  rate  of  mf>v,'w,-ii(  depends,  of  course,  ui)on  the  slope.  Accord- 
ing to  different  obs^-rvations,  it  varies  from  five  to  over  tifty  inches 
a  day;  and  in  some  places  a  glacier  may  be  so  embayed  as  to  lie 
almost  without  motion.  A  rate  of  eight  to  ten  inches  a  day  is  most 
oommon :  it  is  equivalent  to  243^  to  304  feet  a  year,  or  one  mile  in 
about  twenty-two  to  seventeen  years. 

Forbcd  deduced,  frum  biii  moasuremcnt.'^  made  at  two  stationa  on  each  of  the 
Boit  and  Boasons  Glaciers,  the  following  resolta.  The  flnt  station  on  the  Bou 
Otaeier  was  near  its  upper  part,  where  the  rapidity  is  nnasuaUy  great,  and  the 
other  near  its  lower  extremity. 


Boial. 

1   Boil  II. 

Bom.  L 

BOM.U. 

847.5  ft. 

220. S  ft. 

657.8  ft. 

489.1  ft. 

27.8  in. 

7.3  in. 

21.6  in. 

IG.l  in. 

37.7  in. 

9.9  in. 

28.0  in. 

22.3  in. 

19.1  in. 

4.7  in. 

15.8  in. 

10.7  in. 

Motion  from  Nov.  '44  to  Not.  *45.. 

.Mcnn  daily  motion  •  

Mean  daily  motion  in  summer, 
Auril  to  October  

Mean  daily  motion  in  winter,  Oc- 
tober to  April.....  M......... 

Thid  table  shows,  further,  that  the  rate  of  motion  is  about  twice  as  great  in 
•nauner  as  in  winter. 

The  maximum  in  July  at  the  upper  station  on  the  Bois  Olaoier  was  52.1 
inches  ;  in  Dc-cmibcr,  1 1.5  inolu  -i.  Tho  rapi<Hty  at  the  paino  pl:ii"o  is  not  always 
the  same  in  different  years.  Thus,  at  one  station  on  tho  Mcr  du  Gluco,  Forbes 
obtained  for  the  daily  motion  in  1842-43,  1843-44,  1844-46,  tho  amounts  8.56, 
9.47, 10.65  inehes.  A  hnapsaek  lost  in  tho  Tnldfre  Glaeier  {t,  in  flg .  948)  after 
ten  years  wa.«  found  4300  feet  distant;  the  slope  here  of  this  high  glaoioF  was 
14*  55'  (Forbes). 

The  rate  (1)  at  the  upper  surface,  (2)  half-way  to  the  bottom,  and  (3)  at  the 
bottom,  was  found  by  Tyndall  to  be  in  one  case  0  inehe%  4.59  inohee,  and  2.56 
inches,  in  a  day;  and  the  rapidity  at  the  middle  aboTf,  to  be  one-half  faster 
than  nloag  the  sides. 

Tlie  ponoer  <^  molkin  in  a  glacier  depends  on — 

( 1 . )  The  capability  it  haa,  to  a  limited  extent^  of  sliding  along  its 

bed,  bnt  only  portions  at  a  time. 

(2.)  A  (le^xreo  of  plasticity  in  ice,  in  consequence  of  which  the 
glacier  can  adapt  itself  to  any  uneven  .'^urfuco ;  for  ieo  at  a  tempera- 
ture near  32°  F.  may  be  mnuhled  by  pressure  into  almost  any  shaj^e. 
A  heavy  oblong  mas.s  supported  at  one  end  may  be  bent  even  into 
a  short  arch  by  its  own  weight.  Kane  mentions  in  his  "Arctic  Ex- 
plorations" the  case  of  one  table  of  ice,  eight  feet  thick  and  twenty 
or  more  wide,  supported  only  at  the  ends,  which,  between  the 
middle  of  the  months  of  Karch  and  May,  became  so  deeply  bent 
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that  the  centre  was  depressed  five  feet.    The  temperature  in  March 
was  below  zero,  and  during  the  interval  it  was  at  all  tunes  many 
degrees  below  the  freeiing-point. 
(3.)  The  fiudlity  with  which  ice  breaks  and  mends  its  fraetnres 

hyreff^ation;  that  is,  by  a  freezing  touether  again  of  the  surfaces 
that  may  be  in  contact.  This  j)riiu  ii>le,  first  brought  forward  by 
Tyndiill,  is  far  tlio  most  important  of  the  three  hero  mentionod. 
Any  <»n»'  mny  test  it  l»v  breaking  a  piece  of  !<•.«  and  then  putting 
the  parts  to^'<>tlH'r  again:  in  a  few  Kec.>n<ls  they  will  be  firmly 
unit(>d.  A  ghicicr  iiioveti  on,  breaking  and  mending  itself  through 
its  whole  oonrse.  The  multitudes  of  fraetnres  made  on  ste^ 
slopes  may  all  disappear  below  when  the  motion  becomes  slow 
and  the  ice  feels  the  pressure  from  above. 

Along  the  sides  of  a  glacier,  especially  when  passing  prominent 
angles  in  the  valley,  the  crevasses  are  deep  and  numerous.  The 
ordinary  direction  of  tlu  -c  crevasses  is  oMiquely  up  str'vim,  or  at 
an  an^d<'  of  forty  to  fil'ty  <K';.'iv'('s  witli  the  niarjrin,  IjciiiL!  at  ri;.'ht 
ungk's.  m-arly,  to  the  lini">  of  greatest  ten-^ion  in  tlio  docentUng 
glacier.  The  crcvasi>es  at  a  bend  form  e.-peciully  on  the  convex 
side  of  the  stream,  the  ice  undergoing  a  stretchmg  on  that  side  and 
a  compression  on  the  opposite.  There  are  also  deep  tnuuum 
crevasses,  and  others  of  irrogular  courses,  made  when  a  glacier  if 
forcing  its  way  through  narrow  passes  in  a  valh  v,  and  wlien  descend- 
ing rapid  slopes*  Afterward,  on  reaching  a  border>p<»tion  of  the 
valh-y,  tlie  ice  may  return  to  a  solifl  ma«js  with  a  compaiatiTely 
even  surface,  having  fracturi  s  only  toward-;  the  sides.  Forbes 
meiitions  one  chasm  feet  wide  cjcteuding  i^uite  across  the  Mer 
de  Glace. 

7.  ^^nteture  induced  the  movement  qf  a  ^/aa«r.<— The  ice  of  a  gUciflr 
is  often  vertically  laminated  parallel  to  its  sides,  and  sometimes  is 
delicately  so  that  the  ice  appears  like  a  semi-transparent  stripsd 
marble  or  agate.  The  layers  are  alternations  of  cellular  (or  SBOWy) 
ice  and  clear  bluish  solid  ice.  Tiie  melting  of  the  suriisce  some- 
times leaves  the  more  solid  layers  projecting,  as  mentioned  by 
Guyot. — one  of  the  first  wlio  noticed  this  y)eculiarity  of  glaciers. 
The  structure  is  due  to  the  tension  or  pressure  to  which  t!ie  glacier 
is  8ubject<?d  in  making  its  way  between  the  enclot»ing  walls  of » 
valley,  especially  where  tliere  is  a  contraction  in  width,  or  a  pro* 
jecting  point  around  which  a  strain  is  produced.  It  may  also  bs 
formed  when  two  great  glaciers  unite,  the  pressure  between  the 
meeting  streams  being  here  the  cause. 

The  resistance  to  motion  in  a  glacier  is  not  continuously  ove^ 
come,  as  in  the  case  of  a  perfect  fluid,  but  intermittently.  There 
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are  intervals  of  i-pst  and  accumnlation,  and  then  a  yielding.  The 

movement  is,  thoreforo,  ofcillntory,  with  tlip  Intorvuls,  it  may  ho,  of 
only  a  few  minutes,  or  a  few  hours,  or  more.  Such  an  oscillatory 
action  is  especially  calculated  to  profluee  a  laminated  structure. 
As  Tyndiill  has  observed,  the  uir-colls  appear  to  have  been  in  part 
expelled  from  the  bluiah  layers  by  the  pressure,  and  in  part  to  have 
been  obliterated  by  an  indpient  liquefaction  and  refreedng  of  the 
layer. 

In  the  lower  part  of  the  glacier  of  the  Rhone,  tike  laminated 

structure  is  protluced,  according  to  Tyndall,  between  the  capes  m 
and  71  (fig.  0')!).  It  appears  first  in  the  section*,  and  is  fully  de- 
velope<l  in  the  following  one,  .«?'.  Tiie  radiating  lines  Crossing  the 
concentric  lines  of  tension  represent  crevasses. 

This  lamination  is  very  distinct  over  parts  of  most  glaciers.  It 
is  well  shown  either  side  of  the  middle  of  the  Mer  de  Glace ;  it 
gives  a  longitudinal  slructure  to  the  central  portions  of  the  Aar 
Glacier  below  the  junction  of  its  two  great  branches,  the  Finster^Aar 
and  the  Lauter>Aar ;  it  characterizes*  according  to  Forbes,  the  whole 
of'  the  Brenva  Glacier. 

2.  Ttanaportatlon  and  sroalon. 

1.  Transportation. — ^The  moraines  of  glaciers  are  made  from  (1)  the 
•tones  and  earth  which  faXi  from  the  diflb  along  their  borders; 
(2)  the  material  received  from  foiling  avalanches ;  (3)  that  which 
is  taken  up  by  the  ice  from  the  surface  of  the  valley  against  which 

they  move.  They  form  in  all  the  stages  of  progress  of  a  glacier, 
though  usually  the  least  in  the  region  of  the  neve,  where  the  peaks 
are  often  small  comjiared  with  the  rxtent  of  snow.  The  surface  in 
this  uitjx  r  part  is  always  peculiarly  white  and  clean,  owing  to  the 
fre<|Uent  falls  of  snow. 

From  their  mode  of  origin,  it  follows  that  moraines  are  situated 
primarily  along  the  margin  of  a  glacier.  But,  when  two  glaciers 
coalesce,  the  two  uniting  sides  join  their  moraines  in  one ;  and  this  • 
one  is  remote  fr^m  the  borders,  and  may  be  central— as  in  Uie  glacier 
of  the  Aar — ^if  the  two  coalescing  streams  are  about  equal.  It  fol- 
lows from  the  above  that  the  number  of  moraines  on  a  glacier  can 
never  exceed  the  number  of  coalesced  irlnciers  by  more  than  one. 

In  the  Glacier  of  Zermatt,  the  nean-^t  moraine  in  the  view  (fig. 
953)  is  that  of  the  Kill*  1  horn  ;  the  second  is  a  union  of  moraines  of 
the  Gornerhorn  and  Porte  Blanche :  the  third,  a  union  of  two  mo- 
raines from  two  Mt.  Hosa  Glaciers ;  the  fourth,  the  great  moraine  of 
the  Breithom»  the  summit  in  Uie  middle  of  the  view.  Other 
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morainos  may  bo  seen  on  the  distant  part  of  the  glacier.  In  fig. 
M9,  representing  a  section  of  tlio  Boia  Glucier  near  Xrelaporle, 
there  are  six  distinct  moraines. 

Toward  the  lower  extremity  of  a  glacier  (as  ihown  in  fig.  950, 
from  the  lower  part  of  the  Bois  Glacier)  the  several  moraines  usually 
lose  their  distinctness  through  the  melting  of  &e  ice;  ibr  this  bringi 
the  stones  and  earth  that  were  distributed  at  difTerent  depths  to 
one  level,  and  thus  produces  a  coalescence  of  the  whole  over  the 
surface. 

Tlie  stones  are  both  angular  and  rounded,  the  fornu  r  far  the 
more  abundant.  Muny  are  of  great  magnitude,  (  hw  h  int-n- 
tioned  containing  over  200,000  cubic  feet,  or  equal  in  sixe  to  a  build- 
ing 100  feet  long,  50  wide,  and  40  hi{^. 

At  the  glacier  of  the  Aar,  the  central  moraine  is  raised  100  to  140 
feet  above  the  general  surface  either  side ;  but  this  is  partly  owing 
to  the  pressing  up  of  the  ice  itself  by  the  mutual  pushing  of  the 
two  combined  glaciers  of  wliich  it  is  made.  The  breadth  where 
narrowest  is  250  feet;  and  from  this  it  increases  to  750  f,  pt  lialf- 
way  to  the  termination  of  the  glacier,  and  to  treble  this  below. 

The  final  melting  of  a  glacier  leaves  vast  piles  of  unstratitied 
stones  and  earth  along  its  sides,  toward  and  about  its  lower  ex- 
tremity. The  stream  which  proceeds  from  the  glacier  works  over 
all  that  comes  within  its  reach,  carrying  it  onward  down  the  valley, 
and  making  deposits  on  its  banks  which  are  usually  more  or  les 
perfect^  stratified. 

2.  JHitoii.— (L)  The  movement  of  a  glacier  is  attended  with  so 
much  wrenching  of  the  ice,  that  the  blocks  generally  have  their 
anglc^i  more  or  less  blunted  by  mutual  attrition,  and  many  of  the 
stones  are  roimded. 

(2.)  As  the  glacier  has  its  sides  and  bottom  here  and  there  set 
with  stones  of  large  and  small  size,  it  is  a  tool  of  vast  power  ss 
well  as  magnitude,  scratching,  i>loughing,  and  planing  the  rocks 
agpunst  or  over  which  it  moves.  Besides  this,  it  pushes  along  gravel 
and  stones  between  itself  and  the  rocks,  with  the  same  kind  of 
eflfect.  The  rocky  oli£b  and  ledges  in  the  vicinity  of  the  glaciers 
are  in  many  places  furrowed,  planed,  and  rounded  over  their  whole 
exposed  surfuco  from  this  agency.  The  furrowings  or  gougincs 
have  a  common  direction  ;  but  there  are  sometimes  two  or  more 
directions,  indicating  glacier-movements  of  diti'erent  periixls. 

(3.)  The  stones  which  have  product  the  furrowing  are  some> 
times  scratched  themselves. 

Other  fiicts  connected  with  this  sul^eot  are  mentioned  on  page 
535. 
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0];u  iors.  ns  thoso  facts  show,  are  also  powerful  agents  in  widening 
and  deepening  valleys. 

The  snow  and  ice  of  Alpino  valleys  often  cause,  indirectly,  violent 
erosion  and  transportation  of  material  by  damming  up  streams. 
In  no  other  way  can  harriers  he  thrown  ibo  readily  across  profound 
TaUeys ;  and  the  deluges  caused  hy  the  accumulated  waters  when 
th^  hreak  loose  are  often  very  destructive.  The  Alps  are  fiill  of 
examples. 

4.  ICEBBR08. 

A  glacier  on  a  sea-coast  often  stretches  out  its  icy  foot  into  the 
ooeui,  and  when  this  part  is  finally  broken  off  1^  the  movement 
of  the  sea,  or  otherwise,  it  becomes  an  iceberg.  Greenland  is  the 
great  region  of  ioebergp,  no  less  than  of  glaciers.  They  carry  away 
the  stones  and  earth  with  which  the  glacier  was  covered  during 
its  land-progress,  and  transport  them  often  to  distant  regions* 
whitlier  they  are  borne  by  the  polar  oceanic  currents. 

l>r.  Kane  <lescribe.s  the  great  j)a<  k  of  icebergs  tliat  occupies  the 
centre  of  Baffin's  Bay.  and  mentions  that  some  were  'MH>  lict  high, 
and  lurgi)  numbers  over  200  feet.  There  were  280  icebergs  of  the 
first  magnitude  (the  most  of  them  over  250  feet)  in  sight  at  one 
time. 

In  the  Antarctic,  CSaptain  Wilkes  observed  a  long  ice  barrier, 
having  a  height  above  the  sea  of  150  to  200  feet ;  and  some  of  the 
bergs  were  300  feet  high.  The  ice  of  the  barrier  was  stratified ;  and, 
according  to  Wilkc  s,  tliis  was  owing  to  the  constant  increase  firom 
the  freezint;  mists  nver  it. 

As  the  .si)t  citic  gravity  of  ice  is  0.018  (at  32**  F.),  the  proportion 
of  the  mass  out  of  water  is  about  onc-twel/th. 

The  icebergs  of  the  Atlantic  melt  mostly  about  the  Banks  of 
Kewfbundland,  or  between  the  meridians  of  44*  and  52?.  They 
have  been  observed  in  this  ocean  as  fiur  south  as  SG^ 

Icebergs  are  (1)  a  means  of  transporting  stones  and  earth  from 
one  region  to  another  (see  p.  542),  (2.)  When  grounded  on  rocks 
ihcy  may  scratch  the  surface ;  but  closely-crowded  and  regular 
scratches  like  those  of  glaciers  ovor  large  areas  could  hardly  be 
made.  The  currents  of  l'>.itHn's  Bay  flow  southward  on  the  west 
side  and  northward  on  the  other, — which  would  give  great  irre- 
gularity there  to  the  scratches  of  grounded  bergs.  An  iceberg 
**  rocked  by  the  swell  of  the  sea,  and  sometimes  turning  over," 
oould  not  be  good  at  scoring  submerged  rooks.  Moreover,  these 
rocks,  in  the  seas  in  which  icebergs  melt  and  drop  their  freight  of 
stones,  would  seldom  be  uncovered. 
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4.  FORMATION  OF  SEDIMENTARY  STRATA. 
In  rf'capitulation,  sedimentary  strata  have  been  formed — 

1.  By  the  waters  of  the  ara. 

(1.)  Throu-ih  tlie  sweoj)  of  the  ocean  over  the  continents  irA^n 
bare  It/ or  partly  Mibnurj.d, — makhg  (a)  sandy  or  pebV)ly  d»'j>osits  near 
or  at  the  surface  wlioro  the  waves  strike,  or  at  very  shallow  cleptlis 
where  swept  by  a  strong  current ;  {b)  argillaceous  or  shaly  deposits 
near  or  at  the  surface,  where  sheltered  from  the  waves,  and  also 
at  considerable  depths  out  of  material  washed  off  the  land  by  the 
waves  or  currents;  (f  )  but  not  makb^  ooaise  sandy  or  pebbly  de- 
posits  over  the  <leej)  bed  of  the  ocean,  as  even  great  rivei-s  carry 
only  silt  to  the  sea;  and  /)"/  ?>iaAv'»'/ argillaceous  dt^posits  ov«'r  the 
ocean's  lied  exce|it  along  the  borders  of  the  land,  unless  by  the  aid 
of  u  river  like  the  Amazon,  in  which  case,  Ktill,  the  detritus  is 
mostly  thrown  back  on  the  coast  by  the  waves  and  currents. 

(2.)  Through  the  waves  and  currents  of  the  ocean  acting  em  tkt 
borders  of  the  eonUtwU  with  the  same  results  as  above,  except  that 
the  beds  have  less  extent. 

(3.)  Through  marine  life,  and  maiidy  Mollusks.  Radiate?,  and  Rhi- 
zopods,  ati'ording  calcareous  material  lor  strata,  and  some  Infusoria, 
siliceous  material.  All  roeks  matle  of  corals  and  the  shells  of 
Mollusks,  excepting  the  hmallest,  re«iuiro  the  help  of  the  waves  at 
least  to  fill  up  tiie  interstices  (see  p.  C19) ;  but  Bhisopods  and  nli* 
ceous  Infiisoria  may  make  rooks  in  deep  water,  by  aocHmulation, 
which  are  in  no  sense  sedimentary. 

2.  By  the  waten  qf  lakes. — Lacustrine  deposits  are  essentially  like 
those  of  the  ocean  in  mode  of  origin,  unless  the  lakes  are  small, 
when  they  are  like  those  of  rivers. 

3.  By  the  runniny  waters  of  the  land. — (1.)  Filling  the  valleys  with 
alluvium,  and  moving  the  earth  from  the  hills  over  the  plains. 
(2.)  Carrying  detritus  to  the  sea  or  to  lakes,  to  make,  in  conjunc- 
tion with  the  action  of  the  sea  or  lake  waters,  delta  and  other 
seaHshore  accumulations. 

4.  By  frozen  waters. — (1.)  Spreading  the  rocks  and  earth  of  the 
higher  lands  over  the  lower,  and,  in  the  process,  bearing  on  blocks 
of  great  size,  such  as  cannot  ]»e  moved  by  other  means.  (2.)  Carry- 
ing rocks  and  earth  from  the  land  to  the  ocean,  eith«'r  to  the 
sea-shore,  making  accumulations  in  lines  or  moraine^*,  or  to  distant 
parts  of  the  ocean,  as  from  the  Arctic  to  the  Newfoundland  Banks; 
and  thus  contributing  to  deep  or  shallow  water.or  shore  sediment- 
ary accumulaUons,  distmguished  for  the  irregular  intermingling  of 
huge  blocks  of  stone,  pebbles,  and  earth. 
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6.  EXTENT  AND  TOPOGRAPHICAL  EFFECTS  OF 
EROSION  OVER  THE  CONTINENTS. 

1.  Extent  of  erooion. — ^The  outlining  of  mountain-ridgei  and 
faUdys  has  been  in  \K\Yt  procluced  by  subterranean  forces  frac- 
turing the  strata;  but  tlio  tinal  shaping  of  lieights  is  due  to 
erosion.  This  cause  has  been  in  action  from  the  earliest  time,  and 
nearly  all  rocks  not  calcareous  have  resulted  from  the  erosimi  of 
pre-existing  formations.  The  Appalachians  have  probably  lost  by 
denudation  more  material  than  they  now  contain.  Mention  has 
been  made  of  &iilt6  of  even  twenty  thousand  feet  along  the 
ootuae  of  the  chain  from  Canada  to  Alabama.  In  suoh  a  fimlt  one 
side  is  left  standing  twenty  thousand  feet  above  the  other,  equi- 
Taleni  in  height  to  some  of  the  loftier  mountains  of  the  globe; 
and  yet  now  the  whole  \»  so  levelled  off  that  there  is  no  evidence 
of  the  fault  in  the  surface-features  of  the  country.  The  whole 
Appalachian  region  consists  of  ridges  of  strata  isolated  by  long  • 
distances  from  otliers  with  which  they  wfre  once  continuous. 
Fig.  103  represents  a  common  case  of  this  kind.  It  is  supposed 
by  some  geologists  that  the  Appalachian  and  western  coal-fields 
were  once  united,  and  that,  in  western  Ohio  and  other  parts  of  the 
intmiediate  region»  strata  thousands  of  feet  deep,  from  the  Lower 
Silurian  upward,  have  been  removed,  and  this  over  a  surface 
many  scores  of  thousands  of  square  miles  in  area.  This  view  has 
been  questioned  on  a  former  page.  Whether  true  or  not,  there  is 
no  doubt  that  the  anthracite  coal-fields  of  central  Pennsylvania 
were  once  a  part  of  the  great  bituminous  coal-tield  of  western 
Pennsylvania  and  Virginia  (hg.  oo'J,  p.  323).  They  now  form  iso- 
lated patches,  and  formations  of  great  extent  have  been  removed 
over  the  intervening  country.  The  Illinois  coal-region  is  broken 
into  many  patches  in  consequence  of  similar  denudation  and 
uplifts. 

In  New  England  there  is  evidence  of  erosion  on  a  scale  of  vast 
magnitude  since  the  ciystallization  of  its  rocks.  On  the  summit- 
level  ]>etween  the  head  waters  oT  the  Merrimae  and  Connecticut, 
there  are  several  pot-hoh^s  in  hard  granite;  one.  as  describtHl  by 
Profe«sor  Hubbard,  is  ten  feet  deep  and  eight  feet  in  diameter, 
and  another  twelve  feet  deep.  They  indicate  the  flow  of  a 
torrent  for  a  long  age  where  now  it  is  impossible ;  and  the  period 
may  not  be  earlier  than  the  Post-tertiary.  Ifiany  other  similar 
cases  are  described  by  Ilitehcock. 

These  examples  of  denudation  are  sufficient  for  illustration. 
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Europe  and  the  other  oontinenta  ftimuh  others  no  leu  remarkable, 

and  to  an  indefinite  extent. 

2.  Topographical  effecta  of  erosion. — Tlie  topographical  oflects 
of  erosion  dopond  on  several  conditions, — as  (1)  the  durability  of 
the  rockn,  (2)  their  structure,  and  (3)  their  stratification. 

1.  Durabilily  of  the  rock». — Gruuitc  is  well  known  to  run  up  into  loflj  ueedlei 
(or  ttigitiUe$),  M  in  Iba  Alps  and,  ftill  better,  the  Organ  Moontaiat  of  Biaiil  aad 
lome  peak*  in  tbo  Sliaita  MonaCaInt  of  Califoniia.  Bnt  tlioca  ara  Tarietien 

erambling  easily  on  exposure,  and  these  occur  only  in  broad,  massive  c1or»- 
tions.  The  har<l  ar^jillito  (rnofm{^-f*!nto)  often  form'*  hi)\i\.  crapiry  hcighta,  whila 
soft  urgillaceoua  shales  make  unly  tumu  hill^  und  uudulaliiig  plains. 

Tlio  reftaetory  qnartsitea  aad  grite,  wUoli  maka  littla  or  no  toil,  itaad  «p  in 
rude  piles  aad  maasy  brows  of  aearly  Inu*  rook. 

2.  Stnictnrc. — When  there  arc  no  planes  of  strncturc,  ns  in  tmo  frrnniff.  ihc 
rook  may  rite  into  lofty  peaks  with  rounded  surfaces.  Slow  denudation  goe« 
OB  orer  all  sides  of  the  peak,  either  from  trickling  waters  or  f^osta,  aad  maj 
gradnally  narrow  it  into  the  model  aigttilU,  Bnt  when  the  reek  has  a  eloav- 
age-stnietare  like  tho  schists  and  slates,  its  heights  are  rongh  and  angular, 
aad  its  aiguiUet,  if  nny  are  formed,  are  more  apt  to  be  pyramidal  than  conical. 

The  joints  in  slatcji  or  sandstones  often  lead  to  forms  resembling  walb  and 
kattlementa  when  exposed  in  oliffs  (fig.  88,  p.  100).  The  arohiteetnral  effeet  of 
the  oolnmnar  cleavages  of  trap  or  basalt  is  shown  in  fig.  115,  p.  118h 

3.  Strntlficfttinn.  -  The  xvmW.*  with  stratified  roeka  differ  aeeof^g  to  (1) 
the  position  of  the  strata,  and  (2)  their  nature. 

If  the  strata  are  horizontal,  or  nearly  so,  and  hard  and  nmilarly  to  through- 
ont,  tho  elerations  lunre  gmerally  table  snniniitSy  with  Tortkal  roeliy  brows 
facing  the  lower  lands.  Tho  river-valleys  are  prafbund,  and  often  inaeeessi* 
ble  for  long  distances,  owing  to  the  boMncss  of  tho  precipices.  Some  varieties 
of  these  valleys  are  shown  in  figs.  940,  941.  Other  topographical  effects  are 
desoribed  in  tho  remarlts  on  the  erosion  of  Tallcys,  p.  835.  If  the  roek  is 
firm,  like  moat  Hmeetonee,  it  may  rise  into  lolly,  fbw-angled  summits,  espe- 
cially when  erosion  ha.«  been  preceded  by  fractures ;  a?  in  tho  Alpine  heights 
of  tho  Wctterhorn  and  it.-j  a.-'foeiates  near  Grindelwald,  in  the  Berne«e  Ohcrland. 

If  horizontal,  or  nearly  so,  but  of  nnequal  hardutt;  tho  softer  strata  are 
aarily  worn  away,  nndermining  the  harder  strata  i  tho  tablo>laada  hara  atep 
of  tho  harder  rock,  and  tho  declivities  are  usually  banded  with  pvqjeetlaf 
shelres  and  intervening  slopes.     Figs.  954,  955  represent  tho  eomaoa  cha- 


racter of  such  hills.  A  number  are  shown  in  fig.  010;  in  tho  Colorado  re|^oa 
they  have  been  called  MtMaa,  from  tho  Spanish  for  tattle.* 

•  For  fijrtircs  951-965  and  the  views  they  illustrate,  the  author  is  indc^'ted 
to  the  voluiiic  'III  "  Coal  and  its  Topography,"  by  Lesley.  In  a  long  chapter, 
on  "  Topography  as  a  science,"  tbi)  author  has  given  the  resalta  of  extensile 
ponoaal  obtMTatioB. 


Fig.  954. 


Fig.  956. 
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When  the  b«df  an  inetitd  betwMs  5*  and  S(P,  and  an  alike  In  haidaeu, 

there  is  a  tendency  to  make  bills  with  a  long  baek  ilope  and  bold  front}  knt 
with  11  much  larger  dip,  the  rockf?,  if  hard,  often  outeroji  in  nuked  ledL'o?. 

When  the  dipping  t<trutu  are  uf  unei{ual  hurdnchs.  und  lie  in  I'oids,  there  is 
a  wide  diversity  in  the  resulta  on  the  fcttturuti  uf  elevation. 

Kga.  956»  957  repreaent  tbe  efliseta  firom  the  eroiion  of  a  tjfneUmai  elevation 
eontitting  of  altemationa  of  hard  and  soft  itrata.    The  proteation  of  tbe 


Fig*.  950-061. 


iiofter  beds  by  tbe  harder  it  well  shown.  This  is  atill  further  exhibited  in 
figs.  959-961. 

AmtietiHtU  strata  giro  rise  to  another  series  of  fonnsy  In  part  the  reverse  of 

the  preceding,  and  equally  varied.  Figs.  9(52-005  represent  some  of  the  sim- 
pler cases.  When  the  h.iek  of  an  nnticliTiuI  mniintain  is  divided  (an  in  fig». 
962,  963|  ^6i),  the  muuntaiu  luaa  thu  anticlinal  feature,  and  the  parts  are 


Figs.  962-965. 


•imply  monorthtnl  ridges.  In  fip.  9C\'i,  tho  anfiolinnl  character  is  distinct  in 
tbe  central  portion,  while  lost  in  tho  parts  cither  side.  In  fig.  965  to  the 
right,  a  eommon  effeet  is  shown  of  the  proteetion  afforded  to  softer  layers  hj 
eren  a  Tertieal  layer  of  hard  rook :  the  vertical  layer  forma  the  axis  9t  a  low 

ridge. 

The  above  nro  the  simple  results  from  tho  erosion  of  folded  rocks.  They 
serve  as  a  key  to  tho  complexities  of  features  common  through  a  large  part 
of  the  Appalaehians,  where  ^ynollnal  and  antielinal  aze^  as  Lesley  states,  are 
In  numberless  complicated  eomhinatinnf,  nnd  are  rsndered  doubly  possUng 
by  faults.  See,  ftirther,  pagea  104-108,  404-408. 

V.  HEAT. 
1.  SOURCES  OF  HEAT. 

The  crust  of  the  Eartli  has  three  sources  of  heat: — (1)  The  Sun  ; 
(2)  Chemical  and  mechanical  action ;  (3)  The  igneons  condition 
of  the  Earth's  interior. 
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L  The  Sun. — The  Sun  (1)  causes,  and  mu?t  always  have  caused, 
an  increase  of  temperature  over  the  globe  from  the  poles  to  the 
equator,  as  well  as  a  variation  of  seaaona.  (2.)  In  the  wamer 
aeason  it  heata  the  soil  to  a  varying  depA,  and  then,  through  the 
oolder  8ea8on,allows  it  to  be  chilled.  At  aome  depth,  vary  ing  with 
the  latitude,  the  lieat  is  uniform  the  year  round:  this  depth  in 
temperate  latitudes  at  tlio  present  time  is  2'>  to  30  feet ;  un<ier  the 
equator,  3  to  4  feet;  in  tin*  frigid  zone,  but  little  more  than  umler 
the  e(juator.  (3.)  The  amount  of  heat  derived  from  the  sun,  and 
determining  climate,  varies  with  the  extent  and  distribution  of  the 
land  (p.  45),  and  with  its  elevation,— a  wide  extent  of  high  or 
polar  lands  being  an  occasion  of  oold,  and  of  low  or  tropical  lands 
an  occasion  of  warm,  climates. 

2.  Chemical  ami  nwehameal  action. — All  chemical  changas  in  which 
there  is  condensation,  as  in  liquids  becoming  solids,  or  ga«<'<  li(]uid.<, 
or  either  increasing  their  density,  evolve  heat.  This  is  otten  an 
effect  of  the  natural  decomposition  of  minerals  or  of  vegetable  or 
animal  matter. 

All  mechanical  action,  as  the  beating  of  waves  on  a  coaat,  the 
&lling  of  water  in  cascades  or  rain,  the  shaking  of  earthquakes, 
sliding  of  rocks,  motion  of  the  atmosphere  in  winds,  produces 
heat  whenever  the  action  meets  with  resistance,  on  the  principle 
that  motion  corresponds  to  an  amount  of  heat,  and  that  heat 
appears  when  the  motion  ceases.  This  source  of  heat  lias  pro- 
bably produced  its  cil'ects,  although  it  may  be  difficult  to  point 
them  out. 

3.  IfUenui  keaL — ^Aooording  to  the  results  of  geological  research, 
hUernal  heat  exhibits  its  effects  over  the  whole  surfkce,  in  volcanoes, 
— earthquakes,— the  metamorphism  and  consolidation  of  rocks, — 
the  elevation  and  subsidence  of  the  earth's  crust,  rwsing  and  de- 
pressing the  continents  or  portions  of  them  as  well  as  islands, 
and  making  mountain-chains. 

The  jiroofs  of  the  existence  of  a  source  of  heat  within  the  earth 
are  the  following: — 

1.  The  spheroidal  form  of  the  earth  is  proof  of  original  fluidity, 
and  therefore  of  a  subsequent  cooling  over  the  exterior  from  a 
state  of  igneous  fluidity. 

2.  The  lowest  rooks  reached  by  geological  exploration  are  crys- 
talline rocks, — rocks  which,  if  not  once  in  igneous  fusion,  have  at 
least  been  crystalli/.ed  throu^fh  the  aid  of  heat,  and  heat  that  must 
have  reaclu'd  them  from  below. 

3.  Borings  for  Artesian  wells  and  shafts  in  mines  have  aftorded  a 
means  of  taking  the  temperature  of  the  earth  at  different  depths ; 
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and  it  has  been  uniformly  found  that  after  paaeing  tlie  limit  of 

surfiMse^M^tion  (p.  6^)  the  heat  quite  regularly  increases.  The 
rate  is  1°  F.  for  50  or  60  feet  of  descent.  At  the  Artesian  well  of 
Grenelle,  a  toniporature  of  85"  F.  was  obtained  at  2000  feet,  equi- 
valent to  1°  F.  lor  i'Vi'vy  00  feet  of  descent.  In  Westphalia,  at 
Keusahwerk.  in  a  \v»  ll  ll20U  feet  deep,  the  temp«Tature  at  the 
bottom  was  Ul°  F.,  or  1"  F.  for  50  feet  of  descent.  At  i'reguy,  near 
Geneva,  a  depth  of  680  feet  gave  63«  F. 

It  has  been  proposed  to  make  a  tropical  climate  in  the  Garden 
of  Plants  by  taking  the  beat  from  the  eartii's  interior.  Arago  and 
Walferdin  have  estimated  that  at  a  depth  of  3000  feet  the  water 
would  have  a  temperature  of  200«  F.,  "sufficient  not  only  to  (  lieer 
the  tropical  birds  and  monkeys  of  the  Zoolnirical  (Jardens  ami  tlie 
hot-luMi<*  s  and  cro  n-hous.'s  ol  tlu"  eistabiishmeut,  but  to  give 
warm  baths  to  the  initabitants  of  Paris." 

At  Yakutsk,  Siberia,  Magnus  found  a  gain  of  15°  F.  in  descending 
407  feety  equal  to  V*  F.  for  27  feet 

The  rate  1«  F.  for  50  feet  of  descent  in  the  latitude  of  New  York 
would  give  heat  enough  to  boil  water  at  a  d<'i>tli  of  8100  feet ;  and 
3000*  F.,  the  fusing-point  of  iron,  at  a  depth  of  about  2H  miles. 
As  the  ratio  would  not  be  an  arithmrtif  al  one,  since  the  fusing- 
point  of  any  substance  is  increase<l  by  pro'-ure,  the  depth  of  fusion 
would  exceed  this  amount.  But  the  facts  still  prove  that  the  earth 
has  a  source  of  heat  within, 

4.  The  warm  climate  over  the  whole  globe  in  the  early  ages,  and 
the  serial  diminution  of  heat  with  the  progress  of  time  until  now, 
when  there  is  a  frigid  Arctic,  corresponds  with  the  idea  of  a  cooling 
globe.  This  cause  apix  ars  to  have  acted  coryointly  with  that  con- 
nected with  the  geographical  distribution  and  height  of  the  land, 
referred  to  on  the  preceding  page. 

At  prr«ont,  very  littlo  of  the  interior  h<  :it  rciiches  the  surface.  According  to 
Pobson,  the  amount  is  only  oue-»cic„Ucuth  ul  a  degree  Fahrenheit;  and  to  rednos 
this  amount  ons-hsK  or  to  wK-thirtg-foHrtk,  would  now  requiro  100,000,000,000 
Twn.  Mr.  Hopkiaa,  <tf  Bnglsnd,  hm  stated  that,  supposing  this  the  only 
mode  of  eooling^it  mu?t  have  n  quircl  in  long  n  time  as  this  to  have  dimi- 
nishod  the  temperature  the  Inst  two  or  three  degrees  of  its  decrease. 

5.  The  wid<'  distribution  of  voleanoes  over  the  globe  is  evidence 
of  internal  lieat.  Volcanoes,  extinct  or  active,  border  the  Pacific 
from  Fuegia  to  the  Arctic ;  through  the  Aleutian  Archipelago  to 
Asia  ;  down  the  Asiatic  coast,  through  Kamtchatka,  Japan,  and  the 
Philippines,  to  New  Guinea,  New  Hebrides,  and  New  Zealand ;  and 
they  constitute  half  of  the  islands  of  thia  ocean,  two  of  which,  in 
Hawaii,  are  nearly  UOOO  feet  high.  This  volcanic  region  is  equal 
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to  a  whole  hemi^hcfr^  and  therefim  aaffleient  evidence  as  to  Um 
nature  of  the  whole  globe.  Volcanoes  occur  also  tkrongh  Java 
and  Sumatra ;  in  oentnd  Asia  in  the  Thian-chan  Mountains ;  about 
the  Uediterranean  and  Red  Seas;  in  western  Asia,  and  southern, 
central,  and  southwestern  Europe;  in  Iceland,  and  the  VVt^t  Indies 

The  ejection  of  melted  rock  through  fif*.«ure8  has  taken  i>lace 
over  all  the  continents:  in  Nova  Sootiu.  Canada,  N<'w  EiiirLind, 
New  Jersey  and  the  States  south,  the  r*-gi(>n  of  Lake  Suitfrior,  tlio 
Rocky  Mountains,  and  western  America;  in  Ireland,  Sootlaud, 
and  various  parts  of  Europe ;  and  so  over  much  of  the  globe. 

These  evidenoes  combine  to  prove  that  the  interior  of  the  earth 
is  a  source  of  heat. 

It  is,  however,  still  an  open  question  whether  the  internal  heat 
is  tliat  of  fusion  ;  or,  if  there  is  fusion,  whether  the  whole  interior 
is  fux'd.  or  whether  there  are  only  interior  seas  of  liquid  rock ;  or, 
if  the  interior  is  fused,  what  is  the  thickness  of  the  crust.  From 
a  survey  of  the  facts,  the  most  probable  conclusion  is  that  the 
crust  is  not  over  \00  miles  thick.  Within  the  crust  there  may  be 
isolated  seas  of  moUeti  rock,  feeding  volcanoes. 

Professor  Perrey,  of  Dyon,  has  inferred  from  his  extended  r^ 
searches  that  there  is  a  periodicity  in  earthquakes  dependent  on 
tide$  in  the  internal  igneous  material  of  the  globe.  (See  beyond, 
on  Earthquakes.) 

R«eent  matlittnistiesl  eslealstloDi  have  nade  the  thieknm  of  the  efvit  to  b» 

at  lesft  800  milet.    But  tbo  results  of  figures  shoold  not  be  allnwcd  to  faspend 

or  throw  difcredit  on  olij'prvations  until  it  if  ahsolutely  certain  that  all  ll»e 
data  required  for  them  are  known  and  thoroughly  onderatood  in  their  rariou 
bearings. 

2.  EFFECTS  OF  HEAT. 

The  effects  of  heat  considered  in  this  place  are  the  following 
1.  Volcanoes  and  related  phenomena;  2.  Non-Tolcanic igneous 
qjections;  3.  Metamorphism  and  production  of  mineral  veins. 

Best  is  slso  one  at  least  ^  the  eaneee  of  the  elevstksi  <rf  moatttidBi^  aii 

of  earthquakes.  These  topics  are  considered  in  the  following  chapter.  It  il 
an  important  ngont  n1.«o  in  mott  obemioal  ohaBgeo }  sad  hoDOO  it*  olbcts  belesf 

in  part  to  Chemical  (Jtolog^. 

1.  VOLCANOES. 

The  facts  relating  to  volcanoes  are  here  presented  under  the  fti- 
lowing  heads  : — (1)  General  nature  of  volcanoes,  and  their  geogrsp 
phical  distribution ;  (2)  Kinds  of  volcanic  oones ;  (3)  Volcanic  aetaos; 
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(4)  Origin  of  the  fomiB  of  Toloanio  cones ;  (5)  Subordinate  Toloanio 
phenomena;  (6)  Source  of  volcanoes. 

1.  Oentral  antm*  of  ▼oleanoes,  and  their  geographloal 

dlairlhniloii* 

1.  Volcanoes. — Volcanoes  are  mountains  or  hills,  of  a  more  or 
less  conical  shape,  in  a  state  of  igneous  action,  and  consequently 
emitting  veqtor^t  and  occasionally  melted  rock  or  lava,  with  showers 
of  fragments  or  dndtn,  from  a  central  opening  called  the  cmfer. 
They  arc  conduits  of  fire,  opening  outward  from  mthin  or  beneath 
the  earth's  crust.  An  exth^rt  volrano  is  n  vulcanic  mountain  that 
has  roiisod  to  ho  active, — the  body  with  tiie  fire  out. 

Tlie  hivas  flow  out  rithrr  over  the  edge  of  ]ij>  of  the  crater,  or, 
more  couinionly,  throujLili  fissures  in  tlic  si<les  or  about  the  base  of 
the  mountain.  The  cin<U  is  are  thrown  upward  from  the  vent  or 
crater  to  a  great  height,  as  a  jet  of  sparks  or  fiery  masses,  and  lUl 
around  in  cooled  particles  or  fragments,  which  are  only  granulated 
lava :  they  may  build  up  a  conical  elevation  around  the  vent,  or  be 
carried  to  a  distance  by  the  winds. 

When  rain  or  moisture  from  any  source  descentLs  with  the  dn- 
dcrs,  the  irwxm  forms  to/n, — a  stratified,  somewhat  earthy,  granular, 
and  rather  soft  rock,  of  ;,'ray,  yi  llowi-h-brown,  and  brownish  colors. 

2.  Gheographical  distribution. — Voleanoes  occur  (1)  over  the 
border  regions  of  the  continents, — that  is,  the  regions  between  tlie 
oceans  and  the  summit  of  the  border  range  of  mountains,  as  be- 
tween the  Pacific  and  the  summit  of  the  Rocky  Mountains ;  (2)  in 
the  continental  islands,  or  those  near  sea-coasts ;  (3)  in  oceanic 
islands,  nearly  all  of  which,  excepting  a  few  of  very  large  size  and 
the  coral  islands,  are  throughout  volcanic, — and  the  coral  islands 
have  probably  a  volcanic  basis.  (4.)  Volcanoes  are  mostly  confined 
to  the  borders  of  the  larger  ocean,  the  Pacific  and  tli<>  vicinity  of 
the  seas  separating  the  northern  from  tJie  southern  continents, 
namely,  the  West  Indies  between  Nortli  and  .South  America, — the 
Mediterranean  between  Europe  and  Africa, — the  Red  Sea  between 
Asia  and  Africa,— 4he  East  Indies  between  Asia  and  Australia. 
There  are  but  few  about  the  Atlantio,  excepting  those  of  the  islands ; 
and  over  the  interior  of  continents,  remote  from  the  r^ons  men- 
tioned,  they  are  almost  unknown. 

(5.)  Volcanoes  are  very  commonly  in  linear  series  or  groups. 

1.  Bori^n  •/ 1%*  Am(^— The  Padis  li  slaoit  eosnpletdy  brtted  with  toI. 
fltsle  monntains.  They  occur  in  Faegia,  the  southern  extremity  of  the  Andes; 
la  Patsgoaia;  82  ia  ChUi,— thai  of  Aeoaesgna  28,000 f«ot  high ;  7  or  8  ia  Bolhria 
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and  «oathern  Pern,— Areqaipa  18,000  feet;  19  or  20  about  Quito, nearly  all  orer 
14.000  feet,  and  among  them  Cotopaxi,  18,876  feet  in  altitude;  in  Central 
America  there  are  39;  in  Mexico,  7  of  largo  »ite.  with  others  smaller;  in  Cali- 
fornia, Oregon,  and  northwest  Amerioa,  12,  making  a  lofty  series  of  snowy  som- 


mit?,  12.000  to  18,000  feet  high,— St.  IlelcnV,  in  Oregon,  16,000  feet;  Mt.  Hood. 
H,000 ;  Mt.  Shasta,  14,000.  In  the  Aleutian  I«land!«,  which  form  a  curve  like 
a  festoon  across  the  Xortbcm  Pacific,  there  are  21  islands  with  volcanoes:  in 
Kamtchatka,  15  to  20;  in  the  Kuriles,  1.3;  in  the  Japan  group,  24,  some  10.000 
feet  high;  in  the  Philippines,  15  to  20;  several  along  the  north  coast  of  New 
Guinea ;  a  number  in  New  Zealand  ;  in  the  Antarctic,  on  the  parallel  of  76*^  5',  and 
near  the  meridian  of  168°  E.,  Mts.  Erebus  and  Terror.  12.400  and  10,900  feet  high, 
both  in  full  action  when  seen  by  Ross  in  1841 ;  and  more  to  the  eaat,  south  of 
Cape  Horn,  Deception  Inland  and  Bridgeman's. 

2.  Orer  thr  Pacific. — At  the  Hnwniun  IMands,  there  arc  remains  of  ten  or  more 
volcanic  mountninn,  and  two  on  Hawaii  are  now  active, —  Mt.  Loa,  13,760  feet 
high,  and  Mt.  Ilualnlai,  about  10.000  feet;  while  Mt.  Kea,  on  the  same  island, 
13,950  feet  high,  has  not  been  very  longextinct  (flg.  24.  p.  31,  and  fig.  973.  p.  695). 
There  are  other  volcanic  mountains  at  the  Society  group,  Marquesas,  Navigator, 
Friendly  Islands,  Feejees,  Santa  Cruz  group.  New  Dcbridcs,  Ladrones;  among 
which  Tauna  and  Ambry m  in  the  New  Ilcbridc!),  Tafoa  and  Amargura  in  the 
Friendly  group,  Tinakoro  in  the  Santa  Crux  group,  and  two  or  three  in  the 
Ladrones,  arc  in  action. 

3.  Orer  the  tean  that  divide  the  northern  and  $oHtheni  coutinrut*  from  one  on- 
other,  and  the  regiont  in  their  vicinilif. — (a.)  The  West  Indies,  where  ton  islands 
are  eminently  volcanic.    (6.)  The  Mediterranean  and  its  borders,  as  in  Sicily 


Fig.  966. 


Volcano  of  OotopaxL 
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and  the  islands  north;  Vcsnvius,  and  other  parts  of  Italy;  Spain,  central 
France,  Germany,  etc.,  in  Europe;  the  Urcoian  Archipelago,  which  contains 
fire  volcanic  islands, — Santorin,  Milo,  Cimolos,  Polcnos,  and  Mbjros;  in  Asia 
lOaor,  when  an  the  Oftta«eeaiin«Be  and  other  roleenie  regiona;  rad  mon  to 
the  eastward,  towards  the  Caspian,  Mt.  Ararat,  1(^,960  feet  high;  Little  Ararat, 
12,800  feet  :  DemavcM.l,  >m  the-  i^'.iith  -horo  of  the  Caspian.  20.000  feet,  (c)  The 
Red  Sea,  along  its  southern  borders,  whcro  there  are  a  number  of  lofty  volcanic 
iiiniiitMil'  (<i.)  The  Eaat  Indlea,  where  there  m*  SOO  or  more  roleanoea,  of 
which  there  we  nearly  50  in  Java  alone,  aeeonUnf  to  Dr.  Jonghohn,  and  28  oat 
of  the  .'>o  nnw  notivo,  nearly  at  many  in  Somatra,  109  in  the  fmall  ialanda  near 
Borneo,  a  number  in  the  Philippines,  etc. 

4.  /n  th0  Indian  Ocean. — A  few  in  Madagascar ;  also  the  Isle  of  Boarbon, 
Maoritiai,  and  the  Comoro  Islands,  and,  to  the  south,  Kergnelen  Land,  etc 

5.  Om  ihe  Atfantic  bordem. — Only  in  the  Bight  of  Benin  on  the  African  coast, 
where  nne  in  the  Cameroon.')  Mountains  is  said  to  be  14,000  feet  high,  and  the 
neighboring  islands  from  Fernando  Po  to  Annabon. 

C  fm  the  Atlamtie  Oettm.—SL  Helena,  the  Cape  Verdei^  Canaries,  Madeira, 
Aiores,  and  Iceland.  All  the  islands  of  the  deep  part  of  the  ocean  (thai  iai,  not 
OD  the  European  or  American  borders)  are  volcanic. 

T.  Omt  tkt  inUrior  of  ihe  cnuttneutn. — In  Amerien,  north  and  south,  there  are 
neoa  eaat  of  the  Bocky  Muuutaiub  and  Andes.  In  Africa,  none  are  known.  In 
Arta>  thaw  to  a  small  rolcanic  region  in  the  TUan-chan  Mountains,  at  Pe-sehan 
and  Tnrfan,  besides  hot  springs  near  Alak-tu-kul,  and  some  other  spot.s  in  that 
vicinity.  In  Australia,  none  are  known  over  the  interior,  the  few  observed  being 
situated  near  its  southern  border. 


2.  Kinds  of  voloanio  cones. 

As  tho  volcanic  mountain  is  made  from  its  own  ejections,  it  may 
consist  either  (1)  of  lava  alone;  (2)  of  t<i/a  alon.- ;  {'X\  o{  nHiira  dlntir : 
(4)  of  rnmbxHaCwns  nf  f,rr.,.v  ,r'ith  either  cinders  or  tvj'ai,  or  both.  The  last 
is  the  more  common  kin<l. 

1.  Jjdni-cnncs. — I.:ivas,  wlu  n  quite  liquid,  flow  oil"  naturally  at  a 
Kniall  angle.  The  average  slope  of  lays-odies  is,  therefore,  very 
gentle, — usually  between  3  and  10  degrees. 


Fig.  967.  L 


A,  B,  B,  C,  profile  of  Hawaii,  ii"  •.ot  ii  from  the  caatwiinl:  L,  .Mt.  l.<^i;  K,  Mt.  Kr.i. 


Tlie  groat  volcanoo<  of  ITiUvaii  (Sandwich  or  Ilawaian  Isl.inds), 
Mt.  Loa  and  Mt.  Keo,  shown  in  the  map  (fig.  9C8),  and  sections  of 
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which  are  given  in  figure  9G7,  are  mainly  lava-cones,  and  the  gene- 
ral slope  is  C  to  8  degrees.    (These  two  tigures  are  parts  of  one  prt>- 

Fig.  068, 


Mii]i  of  part  of  lluwiiii. 


file  view  of  the  island,  the  two  joining  at  B.)    Etna  has  a  similar 


Fig.  969. 


Crater  of  Rilauoa,  in  1^:  a,  Inr^o  lN)iling  lake  of  l&va;  »t  o  And  nrar  e,  nulpliuMiaiikj;  r, 
an  RtUoioing  email  crater;  />,  u«ck  bvtwoen  KiUuc^i  aud  the  crater  r. 

low  inclination.  A  horizontal  section  of  Mt.  Loa,  1800  feet  below- 
it^  top,  would  be  nearly  twenty  miles  broad. 

In  true  lava-cones,  like  Mt.  Loa,  the  crafcr  is  generally  a  pit-crater. 
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—a  gntA  doprooecd  avea  in  the  flar&oe  of  ilie  moiiiiiai&>  like  *  fdt 
or  qnany-hole  in  a  plein^  ee  in  the  tommit-oniter  of  Ut.  Loa  and 

in  Kilauea,  the  latter  4000  feet  above  the  sea.  A  larger  bird's-eye 
▼iew  of  Kilauea  (with  an  acyoining  small  orateri  r)  is  shown  in  fig.  969, 
and  a  vertical  transverste  section  of  the  same,  more  enlarged,  in  fig. 
970.  The  pits  have  pre(Mi)itoiH  walls  of  stratified  rocks;  for  the 
lavas  are  in  layers,  and  the  layers  are  nearly  horiaontal. 


Fig.  970. 


▼•rtiMl  Metlon  of  enter  «r  KilaoMi  U4a 


At  Mt.  Loa,  the  summit-crater  is  1.1,000  feet  in  its  longer  diameter,  and  78# 
feet  tleep.  Kilauea  is  10,000  IVet  in  its  ^rfiitost  length,  7i  mile?  in  circuit,  nearlj 
four  square  miles  in  area,  and  600  tu  lOOO  feet  deep, — the  latter  after  one  of  iin  greAt 
eruptions.  It  is  «•  maA  «pm  to  thsday  as  a  oityof  two aaflas  sqoare  would  lie 
wHhia  aa  eneinibig  wall  of  600  feet  (the  present  depth) ;  sad  the  pooU  of  boiU 
ing  lavas  and  vapors  (one  of  which  i.s  at  a,  fi}^.  9fV3)  may  l)c  Iciaonljr  SBT* 
reyod  from  the  brink  as  if  the  objects  were  gardens  and  cathedrals. 

2.  3V/!fr<Dii«s. — ^Flowing  mud  from  a  boiling  basin,  or  cinders  wet 
with  water  and  steam,  take  a  larger  angle  of  flow  than  lavas ;  and 

tufsrcones,  ther«'foro,  Imvo  rommonly  an  angle  of  between  15  and  30 
degrees.  The  layers  usually  slope  inwards  towards  the  bottom  of 
the  crater  (fig.  971),  as  well  us  outwards  down  the  sides.   The  tufa 


Fif .  971.  Fif.  973. 


fleettoaofataMom.  jMBptka  Uaad,  om  of  the  Lednme. 


has  a  brownish-yelloAv  color,  owing  to  the  action  of  the  steam  or  hot 
water  on  the  cinders,  pcroxydizing  part  of  the  iron  in  the  minerals 
(pyroxeno  mainly)  of  the  lavas,  and  making  a  hydrous  peroxyd 
(p.  &5).  The  crater  has  generally  a  saooer  shape.  A  tufi^oone  on 
Oahn  (called  Diamond  Hill)  has  a  height  of  1000  feet.  Snoh  oones 
are  among  the  reralta  of  lateral  eraptions  abont  a  great  ydloeao 
near  the  sea. 

3.  Cinder-ctma, — Falling  cinders,  like  sand,  may  make  a  declivity 
of  40  to  45  degrees.  The  eruption  of  cinden,  therefore^  prodnoet  a 

45 
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ctaUr  wiUi  a  narrow  throat,  a  narrow  rim  above,  steep  sidfls,  tiie 
slope  35  to  45  dogi  ees  (fig.  972).  If  the  volcano  is  in  brok  aotioiif 
the  space  within  the  crater  is  dark  with  the  rising  vapors,  and 
the  explosions  attending  the  Section  of  cinders  occur  usually  at 

short  intervals. 

The  cono  ia  at  first  Dearly  black  or  brownish  black,  bat,  if  not  soon  covered 
with  T«getation,  it  often  becomes,  through  atmoapherio  agencies,  of  a  red  color, 
flrom  the  peroiqrdation  of  the  proioxyd  of  iron  in  the  Ists:  the  peresjd  ofiiea 
formed  differs  from  that  of  the  tufa-cone  in  not  oontaininj;  water,  and  henoe 

the  difference  of  color.  The  growth  of  vcgctntion  tends  to  change  back  the 
red  color  to  brownish  black,  since  the  carbon  deoxjdizes  the  peroxyd,  making 
protozyd  sad  eaxiwnle  seid. 

4.  Mixed  cones. — The  cones  which,  like  Vesuvius,  are  formed  parily 
of  lava  and  partly  of  cinders  or  tufis,  may  have  any  angle  of  slope 
np  to  35  degrees.  They  may  be  lava  below,  and  terminate  In  a 
loflarooneof  cinders  of  40  to  45  degrees.  The  enilar  may  be  nearly 
like  that  of  the  cinder-<  «no, — a  deep  cavity,  with  the  walls  thin, 
compare<l  with  those  ot  tlio  simple  lava-cone.  There  is  no  fixed 
order  in  tlie  alternations  of  lavas  and  cinder  or  tufa  layers:  the 
lavas  are  apt  to  prevail  most  in  the  early  stages  of  a  volcano. 

9.  ▼oloaalo  sioUoo. 

The  agents  concerned  in  volcanoes  arc  (1)  lava;  and  (2)  over- 
heated steam  and  atmospheric  air,  with  vapors  of  sulphur,  and  some 
Other  gases. 

The  phenomena  are  (1)  Rising  and  prqfectile  eflfects  of  ^^f^f^ 
vapora ;  (2)  Movements  of  the  lavas  in  the  crater;  (3)  Eruptions. 

The  facts  presented  in  illuHtrution  of  thi.t  subject  are  taken  mainly  from 
the  roloaaoes  of  Kilanea  end  VesoTiiu,  hoth  of  which  liare  been  visited  by  the 
author. 

1.  AOKNTS. 

1.  Kinds  of  volcanic  rocks  or  lavas.— The  fused  rock-mato- 
rial  is,  in  all  cases,  called  lava.  When  solidified,  it  is  lava  still,  and 
is  often  so  termed,  whatever  its  texture ;  but  in  generil  (he  name  is 
restricted  to  those  volcanic  rooks  which  are  more  or  leas  odlnlar. 
The  cellules  are  usually  ragged,  and  not  smooth  and  almond-shaped 
like  those  of  an  am^dakid.  The  8<^d  kind;*,  with  rarely  a  cellule 
or  with  none  at  all,  come  under  the  general  designation  of  voUxmie 
rocks.  A  very  light  cellular  lava  is  a  soorio,  or  votcBonadag,  or  ia  said 
to  be  scoriaccous. 

The  principal  kinds  of  volcanic  rooks  and  lavas  have  been  described  on  pp. 
87-89,  to  whioh  relbrsBee  aiay  here  he  sftade.  The  siost  ooauaoa  sre  4okr%%e, 
iMmriHe  lata,  batalt,  tesalfi'e  loes,  eit*wfalO«s,  pvd^gtt. 
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The  rock  of  Veflnvias  ia  Uucitophtfr,  it  containing  tbo  white  mineral  leitcite 
diiMBtinfttod  through  it;  that  of  Mt  Loa  is  mostly  of  the  first  four  of  tho  Idndi 
Jostmontioned.  But  about  some  i»Arts,  and  even  at  tho  Hummit^of  Mt  Loa,  there 
are  rfi'iikttfjne  and  l>orpfii/rt/, — compact  light -colored  /»/*/<'y)<ff A iV  rock?  irithowt 
tMuUa.  It  is  not  an  unc  iwinou  fact  that,  while  tho  ordinary  rocks  of  tbo  ex- 
terior of  a  Tolcanio  mountain  are  the  heavy  eellalar  doleritee  and  basalt,  those 
of  the  iaterioff  (as  best  seea  when  the  Bountain^autfe  ia  inteneeted  by  pfofonnd 
gorfee)  ate  of  thaae  eoupaet  feldfpathle  Unda  having  no  w—mblinee  to  ordi- 
nsay  lavas. 

2.  Liquidity  of  lava. — Tho  liriuid  lava  flows  ustially  with  nearly 
the  iiutKility  of  nu'ltrd  iron  or  glass.  Tho  whole  of  tin-  flowing 
ma.s.s  does  not,  however,  a]»ijear  to  be  proj)erly  in  a  liquid  or  melted 
condition ;  a  |)ortion,  in  unj'used  grains,  in  suspended  in  a  fused  por- 
tion. As  the  heat  just  below  the  muface  has  the  intennty  of  what 
ia  called  white  heat,  any  part  of  the  rock-material  which  is  fiuible 
at  this  temperature,  or,  rather,  which  is  not  consolidated  at  this 
temperature  (for  the  material  has  come  from  the  depths  below, 
where  the  heat  U  much  preater,  it  inereasint:  with  the  depth  or 
pressiirc).  will  he  in  ;i  inelto*!  state.  In  the  enitfr  of  Kihiuea,  the 
licjuid  lava  cools  at  surface  into  a  scoriaceous  glass,  and  this  glass  was, 
beyond  doubt,  in  fusion,  like  the  glass  of  a  ghiss-furnace, — though 
perhaps  less  perfectly,  as  stony  unfbsed  grains  may  be  disseminated 
through  it.  Below  the  snrfiMse,  six  inches  more  or  leas,  the  lava 
has  the  aspect  of  a  cellular  rock ;  but  even  glass  takes  this  form  if 
very  slowly  cooled,  and  would  <U>  so  all  the  more  readily  if  it  con- 
tained a  large  amount  of  unmelted  grains  of  any  stony  materiaL 

At  Kilanea  the  liquidity  i.«  fo  complete  that  jets,  but  »  (jiuirtcr  r  f  on  iaoh 
through,  are  fmmetimc!*  tos.wrd  up  from  a  tiny  vent,  and  a«  th«\v  fall  hjick  on  one 
auuther  make  a  column  of  hardened  tonr.^  uf  lava.  Again,  tbo  wind.i  draw 
out  the  glass  of  the  lava-jets  in  the  boiling  pools  into  fine  threads,  by  carrying 
off  small  firagments,  and  thus  make  what  is  ealled  PtWt  kair,  the  erster  being 
the  residenee,  in  native  mythology,  of  the  goddess  P(U. 

The  mobility  Is  also  very  largely  promoted  by  the  vapors  rising 
in  the  lava,  especially  the  overheated  steam.  This  is  considered  its 

sole  cause  by  Scrope. 

3.  Vapors  or  gases. — B''-idfs  air,  xfram  (vapor  of  water),  and 
gu^ph'iroH.t  vapors  (either  sulj>huroMs  acid  or  sulpluu  i.  there  are 
sometimes  (1)  OtrUmic  aad  gas,  derivctl  from  limestone,  and  perhaps 
from  other  sources  below ;  (2)  Muriatic  add  ffcUj  derived  from  sea- 
water,  but  probably  not  ezdnsively. 

But  these  two  gaaes,  along  with  nitrogen  and  sulphuretted  hydrogen,  are 

mostly  cmanatioiij<  from  /umarole$, — vents  of  hot  air,  ^toam,  or  sulphurous  fumes, 
in  the  neighborhood  of  a  v<dcano. — rather  than  from  the  liquid  lava.  Further 
examinations  of  the  gases  whioh  escape  from  tho  liquid  lava«  iu  the  crater  are 
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leqairecL  Abont  V«aariiu  and  many  other  voleanoM  incnutationa  of  oam> 
moB  salt  and  other  elilofida  fimi  dariaf  aa  eraptfon  Id  plaees  a  litUa  dirtaal 

DnNB  the  BccDca  of  inteoMBt  action;  and  these,  as  well  as  the  muriatic  acid, 
appear  to  show  that  sea-water  gains  access  to  the  lavas;  and,  if  ?(>.  fresh  wateti 
also  may.  The  steam  may  oome  portly  from  the  depths  of  the  lava,  aud  partly 
flrom  raperfloial  watan. 

2.  Volcanic  FHBKomnrA. 

1.  Rlaliig  and  projeoUle  effeoti  of  esoapiBg  ▼apon.— The  water 

and  other  Taporiiable  lubstanoea  within  the  lava  are  under  a  pre»> 
uro  of  about  125  pounds  to  a  square  inch  for  every  100  feet  of 
dej)th.  Owing  to  the  heat  and  tlieir  consequent  expansion,  they 
slowly  rise  in  the  lioavv,  viscid  liquid;  as  they  rise,  they  keep  ex- 
panding, until,  nearing  the  surface,  they  begin  to  take  the  lorm  of 
vapors,  aud  liuaily  break  through. 

The  bubble  or  vapor  in  boiling  water  has  projectile  force  enough, 
M  it  breaks  at  the  mufitoe,  to  throw  up  water  in  jete  to  a  height  of 
two  or  three  inches.  Weie  the  reaistanee  greater,  as  in  a  men 
dense  and  viscid  liquid,  the  bubbles  would  become  larger  by  adfr 
tions  before  they  could  escape ;  the  force  would  therefore  be  greater 
and  the  jets  higher.  In  lavas  whicli  liavo  the  freest  liquidity,  ai 
those  of  Kiiauea,  the  jets  are  thirty  to  forty  feet  liigh.  Conse- 
quently, a  surfiice  of  li(iuid  lava,  as  in  the  lakes  of  lava  in  Kiiauea. 
is  covered  throughout  with  juts,  like  a  vat  of  boiling  water,  and 
there  is  only  a  muttering  noise  firom  the  aotion.  It  loikM  like  onli- 
naiy  ebullition,  only  the  jets  are  jets  of  fiery  liquid  roek.  They 
rise  yertically,  and  ML  back  into  the  pool,  or  on  its  sides,  before  they 
have  cooled.  A  lake  1000  feet  in  diameter  (at  a,  fig.  9G9)  wasthers 
in  brilliant  play  ov49r  |ts  whole  sur&oe  when  visited  by  the  author 
in  1840 ;  and,  in  more  active  times,  a  large  part  of  the  area  of  four 
square  miles  has  been  in  this  boiling  state. 

If  tlio  lavas  be  less  lifiuid,  the  vapors  are  kept  from  escaping,  by 
the  rt'-i>tan<  e,  until  they  have  collected  in  far  larger  bubbles,  and, 
when  such  bubbles  burst,  the  projectile  force  may  be  enormous ;  it 
carries  the  fragments  &r-aloft,  to  descend  in  a  ahower  of  eindsis  of 
great  extent. 

Buch  bubbles,  rising  and  banting,  were  seen  by  Spallanzanl  in  the  crater  of 
StromboU,  »  Ugh  dadar-eona  la  the  MedilamaaaBy  north  of  Stdly.  b  ttaNt 
of  moderate  action  at  Vesuvias,  the  outbursti  of  olnders  oeoar  every  three  to 
ten  minutes ;  but  In  a  period  of  eruption  they  are  almost  inoessant.  Accord- 
ing to  Sir  Wm.  Hamilton,  the  olndora  rose  to  a  height  of  10,000  feet  at  the  enip- 
tion  of  1779»— a  hoight  ladieatiiig  a  vast  projeetila  Ibroa.  OowasHiaaHy  aaana 
of  kva  are  thiown  up  wUdi  doteead  like  hago  oaaaoa-baUi^  haviag  heM 
lomided  by  the  rotatiim  before  they  had  oooledi  and  reoderad  eoani^  aslir- 
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naTljr,  while  u.«ua11y  ccllulnr  within.  Such  mnftsea  aro  callod  9ote(aiie  bomh$> 
Tbey  may  have  lenticular  ad  well     bpburuidul  shapM. 

2.  Movements  of  the  lavas  In  the  crater. — (a.)  Upward  movt' 
ment. — As  tho  vaporizable  suhstnnoos  (water,  sulphur,  etc.)  and  at- 
mosplieric  air  o.xi)aiul  whilf  rising  iu  tiie  volcanic  vent,  they  clisj>lace 
correspondingly  the  lava,  and  ho  cause  a  general  expansion  of  the 
ma&s.    This  alone  produces  u  rise  ot  the  lavaa  in  the  couduit. 

■When  tho  boiling  of  a  vi«ci(l  fluid  in  a  tube  cau'=P'«  its  tipper  surface  to 
a.«cen(l,  because  tho  lUjuid  at  top  l>ccomc9  inflated  or  frothy  with  vapor,  it 
exemplifies  the  same  principle,  although  the  degree  of  inflation  very  far  exceeds 
that  in  a  desM  Ura.  The  foet  of  a  liibig  ia  tho  yvAmno  tnm  thlt  mom  is 
bcjoad  qutttiMi. 

This  rising  becomes  apparent  in  overflowings  from  the  pools  of 
the  crater,  over  its  bottom,  in  atreams  which  cool  and  become  lolid 
lava.  Whether  the  whole  rising  is  due  to  this  cause  is  not  ascer- 
tained. The  risings  and  overflowings  are  repeated  from  time  to 
time,  until  the  material  within  the  crater  has  reached  a  height  and 
an  intensity  of  action  that  lead  to  an  eruption. 

At  KiUmw  (the  bottom  of  which,  whoa  at  its  lowott  mmA,  ia  8000  fcot  abore 
tbo  Ma)  tho  oondoit  of  liqidd  lara  desooadinf  downward  bdow  tlie  orator  is 

3000  ft'ct  long  to  tho  foa-levcl ;  and  It  may  extend  many  miles,  or  perhaps  fporcs 
of  miles,  below  this.  Ninefrrn  rnilon  would  correspond  to  about  lOO.OtiO  feet. 
A  rise  of  the  lavaii  within  the  crater  of  400  to  500  feet  in  the  manner  above  cx- 
phdaod  is  all  thai  ia  threo  ossos  of  eruption  nt  Kilaaoa  pnoodod  tlM  ontbroslt. 
Firo  hnadred  foot  in  100,000  is  aa  arorofo  oatpaasioB  of  onlj  a  h^  of  ono  por 
cent.  But  it  is  probable  thfit  tho  vapors  which  produce  this  result  arc  com- 
paratively supcrficiolj  tbejr  may  bo  from  the  fresh  or  salt  waters  of  tho  sur- 
rounding rogion. 

Tho  increase  of  activity  aa  tho  lavas  rise  in  a  crater  has  two 
ohvious  causoH :  (1)  the  temperature  of  the  lavas  increases  with  the 
pressure  ;  aiul,  eon.sequently,  a  rise  of  100  feet  would  liave  increased 
very  much  the  tem])erature  at  the  bottom  of  that  100  feet,  and  so 
on  for  greater  depths ;  (2)  the  rise  exposes  a  hi^er  column  of 
liquid  lava  above  to  the  action  of  external  waters. 

(6.)  Cireulatinff  mooement. — In  the  lava-conduit  the  greatest  heat  u 
along  the  centre,  most  remote  from  the  cold  sides.  Hence,  as  in 
any  cauldron,  the  ascent  from  inflation  hy  rising  vapors  would  be 
greatest  at  the  centre  ;  there  would  therefore  be  at  the  surface  a 
flow  from  the  centre  to  tho  sides,  and  a  system  of  circulation.  This 
was  exliibito<l  on  a  grand  scale  at  Kilauea  in  1840.  where  tho  liquid 
lava  in  the  great  lake  (lOOO  feet  aeros.s.  a,  fig.  %9)  seemed  like  a 
river  that  came  to  the  surface  for  a  moment  and  then  disappeared. 


• 


m 


The  AMA  of  greatest  heat  was  near  the  northeaat  side  of  the  lakcw 
and  the  stieam  seemed  to  flow  to  the  southwest. 
3.  Bntpttona. — (a.)  OenenU  faelt.— Th%  rising  of  the  kvas  within 

the  crnter,  and  the  Activity  of  the  vapors  firom  one  cause  or  another, 
reach  such  a  height  and  have  so  great  power  that  an  eru[)tion  takes 
place, — either  over  the  brim  of  the  cratrr,  oi-  tlirou^'h  the  fractured 
mountain.  The  lavas  flow  off  to  a  distance  sometimes  of  sixty 
miles  or  more.    Examples  are  given  beyond. 

The  outflow  of  !avas  is  attended  in  most  voloanoes,  as  in  VesuTius, 
with  the  Section  of  cinders,  and  they  continue  to  be  thrown  out 
long  after  the  flow  has  oeased.  They  thus  build  up  a  cindernsone 
immediately  around  the  open  vent. 

Most  of  the  small  cones  about  volosnio  moantains — called  often  parantie 
e(mu—vn  fonnsd  In  this  manner  sbont  s  point  in  some  opsnsd  fUsnfs  fhnn 
whieh  UvM  wsrs^Jselsd.  Cinder  and  vapor  «niption«  ar«  the  last  effeota  of  the 

rabtiding  firc.i  of  a  volcano.  Mt.  Koa  is  im  example  of  a  mountain -cone  fini'h- 
ing  its  career  an  an  eruptive  volcano  by  the  formation  of  a  number  of  cindcr- 
eonei  at  summit:  their  height  is  300  to  500  feet.  In  other  caaes,  the  central 
Twt  oontinuet  to  ^eet  cinders  for  a  long  period,  sad  the  monntsin  beeosMS  14|h 
and  fteep. 

Whore  tlio  liquid  rock  flows  from  an  open  vent  or  pool,  like  those  of  Kilauea, 
the  lava  haii  a  surfucc-crustt  four  to  six  inches  thick,  of  glassy  scoria,  which  it 
light  sad  ralher  fragile.  Boiling  ooTsis  the  Isfss  in  fhs  pools  with  a  seain,  si 
it  doee  molsMes,  sad  the  sooria  Is  the  hardened  seam  or  ftoth.  Below  this  soo* 
riaceous  surface  the  lava  is  solid  rock,  often  containing  onXy  a  few  ragged  cellales. 

When  the  outflow  takes  place  from  fissures  through  which  the  lava.n  come  up 
withoat  having  undergone  any  boiling,  the  stream  is  often  solid  lava  through- 
o«l»  withoat  say  sooria;  the  snrfiMS  is  hsfd  sad  ssaipeet,  bat  looks  npy, 
owing  to  the  msrks  of  iowing. 

Whenever  the  stream  of  lava  stops  on  its  couri-e,  it  rapidly  hardens  over  its 
surface :  if  it  is  then  made  to  move  again  from  another  accession  uf  Iavu»,  the 
hardened  crust  breaks  up  like  ice  on  a  pond,  but  makes  black  and  rough  cakes 
and  bloeke  100  to  10,000  enble  feet  in  riie,  whIeh  lie  piled  together  OTor  seres 
or  square  miles.  Such  masses  arc  sometimes  called  climkm*  A  large  part  of 
the  island  of  Hawaii  is  covered  by  the  bare  lava-streams, — some  with  twisted 
ropy  markings  over  the  surface,  drawn  out  as  the  sluggish  liquid  flowed  along; 
Others,  exteniiro  cUmker-^eld*,  horrid  exhibitions  of  ntlor  deiolataon. 

The  stresms  of  lava  orer  the  land  (rflen  riss  into  grsst  protnboraaoei^  SMay 
yarde  across,  with  ovcn-shapcd  cavities  within,  fomed  by  wsten  benosth  that 
were  evaporated  by  the  heat  while  the  flow  was  in  proprcss. 

lo  a  sabmarine  eruption,  or  wherever  the  lavas  enter  the  sea,  an  upper  por- 
tion of  the  ontilow,  in  oontset  with  the  wster,  Is  shirered  to  fragnents;  if  is 
dsep  wster,  the  fragments  are  deporiitsd,  snd  make  a  etratam  of  tufa,  sometioM 
takinj;  a  conical  form  ;  if  at  the  water's  edge,  they  rise  in  a  shower  of  water 
and  cinders,  and  fall  around,  making  a  tufa-cone,  besides  spreading  far  and 
wide  OTer  the  acyoining  region;  or  they  make  a  permanent  boiling  basin,  whiob 
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alio  is  the  centre  of  a  tafa-oone.  This  latter  kind  of  tufa-cono  has  a  taaeer- 
■Ifil  ontar  aad  Um  inwafd  Mid  ootwavd  tlope  of  the  Imjw§  raprtMBtei  fai- 
IpitHl  wUli  tt» prtMdiaf  maj  fUl  moetly  of  the  inward  slop*. 

{h.y^breeg  causing  eruptiont  ^ iStmi.—>Tlie forces  oaadiig  eruption  are 

Hydrostatio  pressure  in  the  lavas  agdnst  the  iddes  of  the 
mbbntain.  An  mcreaseof  500  feet  in  the  depth  of  iIi  *  lavas  is 
an  increa«o  of  C2ij  lbs.  of  pressure  to  the  square  iiu  h.  8uoh  m 
pressure  t«'iMls  t<»  itnxliuH-  fVaetui*  >  tor  the  escaj)e  of  the  lavas. 

B.  Prt  s<ur«' of  vapors.  ^'aI•()rs  l  i-ingoutof  th«'  lavas  into  any 
COnfni'  «l  '^jKire  may  l»riii;;  j>r<  S'-ui<'  to  hear  against  tlir  sl<l<\s  of  the 
mountain,  and,  if  suddenly  evolved,  the  effect  uiuy  cuu.se  fracture. 

Water  may  come  in  contact  with  hot  lavas  and  enter  the  ^Ae> 
piiiitd  state  (the  state  in  which  a  drop  of  water  u  when  it  dances 
ihoui  on  a  r^-hot  stove),  and,  when  so,  it  will  suddenly  and  explo- 
rively  pass  into  a  state  of  vapor  on  cooling.  This  is  one  eaus  -  of 
eMplosion  in  steam-boilers;  and  with  the  apparatus  of  a  vol(»nio 
mountain  tin'  rrstihs  may  rond  tiie  mountain. 

C.  rr<  --nr»'  iVoiu  tlio  slow  contraetion  from  coolin;;  iroing  on  in 
tlir  (  Ml  til  -  (  iiist.  j)i'o<iu<'ing  in  some  r<'i:ions  a  .sulisidenc"'  of  tin' 
crust  and  a  pre.si.ure  upward  of  the  litpiid  roek  in  or  l)eneath  it. 
Contraction  may  also  have  the  reveru  effect ;  that  is,  it  may  make 
hitenial  cavkies  in  the  crust,  which  may  receive  such  liquids  and 
draw  off  the  lavas  from  open  vents.  It  is  uncertain  whether  .the 
wmae  acts  in  either  way. 

Theaotimiof  pressure  alone  is  i\\nH  :  of  vapors  gradually  evolved, 
quiet;  of  vapors  pud'lenly  evolv.-d,  either  directly  or  tlirough  the 
spheroidal  state,  violent,  with  earthquakes. 

■wpUwM  of  KOaiua  w«i«  oonsaqoent  npoa  tlie  rist  sf  tha  lavas  to 
il  haight  of  MO  or  MO  ftot  in  tho  eralor,  and  were  attaadod  with  no  violoiMa. 

Fig.  973. 


ToMOli,  Naaawale. 

When  rpn<ly  for  eruption,  thero  was  actirc  ryuillifion  in  moist  p.irt!*  of  tho  im- 
mense crater,  and  oooaaional  detonatiooa  were  iicurd,  but  there  waa  no  subter- 
laaaaa  akaklBf. 

lft»^rapClon  in  IBM  was  «itkovl  aartlM|«aka|  and  tho  irH  slga  of  Um  oat- 
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biMk  WM  ft  (In  ill  the  wboda.  Tke  l*Tft  Vroke  ovt  thnmf  h  ft  naft  ia  tt«  iUh 
«f  thft  mountain,  about  six  miles  from  Kilauea,  aad  aiipeared  for  ft  dunt  dis- 
tance at  the  surface  {A,  Jt,  C,  fij^.  968);  then  for  Bcvcn  mile?  there  were  a  few 
little  patcbee  of  lava,  and  some  steaming  flssurea.  Finally.  27  miles  from 
KUanefty  12  from  the  Ma»  and  1250  feet  above  tide-level,  an  uutlluw  began  fmm 
IimrM  ftiid  oontiBiMd  on  to  tlie  eoft  at  NftBftwale;  and  three  tsft^eones  (fig. 
•7S)  WW*  thrown  ap  over  theae  fissures  on  the  Nft-ahonb  It  was  a  tapping  of 
tiw  mosntnin  and  letting  out  of  the  lavas:  and  cotemporaneously  they  Ml  400 
Ami  within  the  crater, — fig.  970,  which  plain  then  became  the  boUum 
of  the  lower  pit. 

The  Mme  quiet  !»■  attended  tiio  emptioiu  ef  the  avmmit-enter  of  HoMit 
Loa>    Theeoursos  of  some  eruptions  are  ^hown  on  the  following  map. 
Id  Jaaoftiy,  1843,  an  outflow  b^an  through  fiasures  13,000  feet  abora  the 
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IBIAWD  Of  Hawaii.— L,  Mt.  r,<itt;  K.  Ml.  Koa;  IT.  Mt.  Hualilnl ;  P,  Kilanea  or  Lna-Pfl<; 
1,  Eruption  of  1»43;  2,  of  1862;  3,  of  1865  ;  4,  oflSW;  a,  Woimea;  6,  KawaUiae;  c,  Walaa. 
aalU :  d,  Kaitoa;  e,  Kealakelraat/,  Kaalaoamattaa;  f,  KatUkl;  A,lfalohlaa;  <t  Hooai^; 

Kapoho;  k,  Nunawnli- :  I.  Waipio.   The  coiirx*  *  of  the  earraBto  l,S;t  are  ftOB  ft  aMftft- 
•crlpt  map  bj  T.  Coao,  aail  4,  from  one  bj  A.  P.  Jodd. 

sea  (No.  1,  flg.  974),  and  e(\ntinaed  on  northward  and  wealwait  far  2i  or  It 
miles.   It  broke  out  in  silence,  though  oaa  of  tlia  gfaadoit  MUpHaBi  an  reoofd, 
and  progressed  without  an  earthquake. 
In  February,  1852,  a  bright  light  at  the  summit  announeed  another  eruption 
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(No.  2,  fig.  974);  after  three  days  it  WM  ooDtinaed  by  means  of  a  .second  out- 
biMlt»  4000  iMt  fcnrer,  or  10,000  above  the  see,  which  also  was  a  quiet  one.  At 
this  aeeond  opeaiag,  m  deeeribed  hj  T.  Cou,  there  wee  a  foaiitidn  of  Itery 

lavas  1000  feet  broiul,  playing  to  a  height  at  times  of  700  feet,  with  indescri- 
ba»)lc  ^rraiidcur  and  brilliancy.  There  were  rumbling  and  muttering  from  the 
plunging  flood,  and  explo.-^iond,  but  no  earthquakes.  Mr.  Coan  attributed  the 
Ibnnteiii  to  the  hydroetatie  prennre  of  the  eolnmn  of  lava  above. 

In  Angu.^t,  1855,  another  great  eruption  began  (No.  8»  flf.  974),  without 
noise  or  jihakin^*,  at  nn  cliMatiun  uf  12,000  fcfi,  and  for  a  year  and  a  half  the 
flood  continued :  the  whulo  length  of  the  atrcum  was  ^ixty  miles. 

lo  January,  1850,  there  was  still  another  eruption  (No.  4,  fig.  974).  It  made 
it*  flret  appearance  near  the  somnit,  in  the  same  qnlet  manner  as  the  preceding, 
Kilauea  remaining  undisturbed.  About  1500  foot  above  the  sea,  on  the  norths 
west  «<idc  of  the  mountain,  there  was  a  larger  opening,  where  the  lavas  were 
'  thrown  up,  "like  the  waters  of  a  geyser,"  to  a  great  height.  The  stream 
here  beeame  wider,  subdivided  into  three  or  more  Ifaaee,  and  eontinued  on 
towards  the  base  of  Mount  Hnalal^;  ftrom  this  point  it  bent  northward,  and 
then  northwciitward  again,  and  finally  entered  the  sea  on  tlw  western  coast, 
after  a  course  of  over  fifty  milc!<. 

There  were  Ihun  throe  great  eruptions  from  tho  summit,  with  intervals  of  only 
three  years  and  a  half,  and  four  within  sixteen  years. 

In  the  eruptions  of  Kilauea — one  of  tho  largest  of  volcanic  craters — there 
is  evidence  only  of  the  action  of  hydrostatic  prc«<uro  an<l  of  vapors  quietly 
evolved,  as  the  causes  of  tho  outbreak.  The  fountain  hud  a  head  of  lavas 
8000  to  4000  feet  high ;  and  3000  feet  of  lavas  correspond  to  S760  pounds  of 
pressure  to  the  square  inch.  In  the  emptionB  fVom  the  summit-crater  of  Mount 
Loa  the  fountain-bead  is  10,000  to  13,000  feet  nbove  the  sea;  and  the  eraptions 
were  ]»ar«lly  Ic-is  exclusively  a  rcfuU  of  hyilrostatic  pressure. 

In  tho  eruptions  of  Vesuvius,  there  are  usually  earthquakes  of  more  or  less 
power,  lofty  ejections  of  cinders  and  dark  vapors,  a  breaking  of  the  mountain's 
fvmmit  on  one  side  or  the  other,  or  fissures  opened  in  the  sides  below.  In  thc.oe 
violent  ejections  there  may  be  prot>f  of  a  sudden  cvOii'inn  <>f  vapors.  Ihit 
pressure  al.-"o  .acts  at  Mount  Loa;  for  the  volcano,  during  the  year  or  more 
preceding,  ha?  become  charged  nearly  to  its  brim,  ready  for  the  outbreak. 

(c.)  Eruptions  mosth/  throurfh  fissures. — Mo.st  eruptions  tako  place 
thr(Mi<:li  fissur<^s  in  tlio  .si<li>s  of  tlie  mountain,  and  not  by  overflows 
of  tho  oratf'is.  The  tissuros  may  come  to  tho  surface  only  at  iTiter- 
val.**,  so  as  to  ajipear  like  an  interrupted  series  of  rent.s,  although 
continuous  deep  below ;  and  they  may  underlie  the  erapted  lavas 
as  iar  as  the  flow  extends,  although  nothing  appears  to  indicate  it* 
owing  to  their  being  concealed  from  view  by  the  lavas.  But  fre- 
quently small  cones  form  over  tho  wider  parts  of  tho  rent»  and 
stand  along  the  lava-field,  marking  tho  courses  of  tho  fissures. 

This  ni''thnd  of  eruption  throu<ili  fis<ur.»s  makes  dike-^  (p.  122) 
in  the  mountain  :  and  all  volcanic  mountains,  when  the  interior 
is  exposed  by  gorgets,  contain  dikes  in  great  numbers.    After  the 
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monrling  of  the  fracture  by  a  filling  of  solid  laya,  the  mountain  is 
stronger  than  hofore. 

(c/.j  Eruptions  periodical. — Three  eruptions  occurred  at  Kilauea  at 
intemla  of  eight  to  nine  yeen»  thk  being  the  length  of  time 
required  to  fill  the  enter  up  to  the  pcnnt  of  outbreak,  or  four  to 
five  hundred  feet.  The  action  waa  regular  in  its  period,  or  a  result 
of  a  systematic  series  of  ohanges,  and  not  paroxysmal.  The  crat«r 
filled  up  again  in  eight  years  after  1840.  But,  for  some  reason,  the 
fires  tiien  l>cgan  to  decline  (perhaps  after  a  submarine  eruption), 
and  another  eruption  has  not  taken  place. 

Even  in  the  caisc  of  Vesuvius — the  other  type  of  volcanoes — ^the 
history  may  be  similarly  progressive,  although  the  violent  acttrity 
ezdted  usually  ends  in  a  kind  of  paroxysmal  eruption.  There 
are,  however,  so  many  causes  of  irregularity  that  the  periodicity, 
if  existing,  would  be  distinguishable  only  after  a  long  period  of 
observation. 

(<•.)  Difference  in  entpfionx  due  to  liq^wiifi/  of  lavas. — At  Mount  Loa,  the 
absence  of  cinders  and  the  low  lava-jets  prove  roinarkaMe  lirjuidity 
in  the  lavas  at  all  times.  At  Vesuvius  the  great  ahundance  of 
cinder-eruptions  proves  equally  the  viscidity  of  the  lavas.  In  the 
latter  case,  the  escape  <^  Tapors  would  be  more  likely  to  be 
repressed  until  violent  paroxysmal  effbcts  became  a  consequence  of 
the  accumulation;  and  this  may  be  one  reason  of  the  earthquakes 
attending  the  eruptions  of  such  volcanoes. 

4.  Origin  of  the  forma  of  voloante  cones. 

The  peneral  form  of  the  growing  mountain  has  l»een  stated  to 
depend  on  the  nature  of  the  material  ejected,  whether  lava,  tufa, 
or  cinders,  or  combinations  of  these.  But  th^re  are  modifications 
arising  from  other  causes.  The  principal  one  is  the  following:— 

The  angle  of  declivity  in  a  growing  cone  depends  on  the  part  of 
the  cone  from  which  the  eruptions  take  place.  Overflows  at  top, 
if  descending  but  part  of  the  way  to  the  V)ase,  increase  the  height 
and  steej)n«'ss  ;  but  descending  all  the  way  to  the  ba.se  they  add 
to  the  magnitude  of  the  cone  without  varying  the  general  sl<)|>e. 
In  fissure-eruptions,  fussures  at  the  summit  widen  the  top  and 
increase  the  slope,  for  it  is  like  driving  in  a  wedge ;  but  fissures 
and  outflow  about  the  base  spread  the  base  and  diminish  the  ave- 
rage slope;  the  southeastern  slope  of  Mount  Loa  spreads  out 
for  a  score  of  miles  at  an  angle  of  one  to  tliree  degrees,  owing  to 
this  flattening  proces«.  The  slop(\  then,  of  a  cone  depen<l»  on 
the  concomitant  action  of  the  force  causing  eruption  (this  force 
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frietaring  the  cone*  atid  ficnnetiines  inerearing,  aometimes  dimi^ 
Btthing,  itB  alope).  and  the  ejection  of  lava  or  other  material  over 
theaidee. 

Thm  dope  of  flowing  lava,  while  generally  nnall  and  produeing  oonos  of  small 
•Bglo,  nugr  ttQl  bo  of  almoat  any  angloi  It  forma  eontiaaoiM  ■troaiin  of  8(P»  oad 

even  vertical  cascades  of  solid  lava  occur  about  Mount  Loa  and  other  volcanoes. 
A  -  Prcvost  observed,  flowing  luva,  like  flowing  beeswax,  if  Ptrcam  follows  stream 
rather  rapidly,  and  not  too  copiously,  so  that  one  becomes  molted  to  another, 
mynakolajonof  gffootthiebMMhaTlngalotge  angtoof  inelinatioik  Honoo^ 
whilo  tko  »rongo  angle  of  a  lava-cono  is  small,  boeaiue  lavas  when  in  a  Tory 
large  outflow  spread  rapidly  and  easily,  there  are  many  regions  of  much  steeper 
angle  over  its  declivities.  The  author  observed  a  stream  descending  into  the 
crater  of  KUauca  at  an  angle  of  80^*  It  was,  howerer,  hollow,  the  interior 
IwTiag  ma  oat  allor  tbe  omst  bad  fomod.  Mr.  Coaa  OMBtioBa  tho  ftoqaoat 
occurrence  of  slopes  of  IS*',  20%  aod  40^  akmg  tho  ttrMoi  foHBod  at  tho  «rap- 

tion  of  Mount  Loa  iu  18o5. 

The  outflow  of  lavas  from  a  vent  is  an  undermining  process,  and  the  region 
abovt  tho  orator  tonotinMO  anboidoo  aa  a  oouaqveaeo  of  it  Thim  aro  maaj 
fractures  and  a  large  depressed  border  aroond  X&nea  produced  hf  thlaflMaat. 

The  violence  attending  eruptions  at  times  opens  widely  the  mountain  and 
make^i  deep  gorges  that  become  filled  by  lavas.  Maui,  one  of  the  tiandwiob 
Islands,  has  a  voloanio  mountain  10,000  foot  high,  a  Ofakov  Ukt  KUaaoa,  ak 
nmunit,  MOO  ftot  doop,  aad  two  deep  Talloja  with  proelpltoaa  lidei  loadiDf 
down  to  tho  coast,  oao  BOrthward  and  tho  other  cni^twnrd,  where  the  laTlf  flowod 
ofl"  at  the  last  eruption.  It  seems  as  if  a  quarter  of  the  island  had  been  started 
from  its  foundations.  Oahu  consists  of  parts  of  two  volcanic  mountains.  The 
OBO  of  them  whieh  ii  Bioet  oBtIra  la  only  a  roBBaat  of  tho  old  oobo^— ahovt  «b^ 
third:  apraeipioe  twenty  milei  leag  and  one  to  two  thousand  feet  high,tha 
course  of  a  great  fracture,  is  n  grand  feature  of  northern  Oahu.  Aa  there  are 
small  cones  over  the  very  region  where  the  largo  part  of  the  cone  has  sunlt, 
the  frastaio  moat  havo  ooeorred  l>ofbre  tho  roleaao  waa  oirtfaMt 

MoBBt  SoBUBB  hi  patt  of  an  oatar  wall  to  YeaaTiBa;  aad  it  is  mppowd, 
with  good  rcoMB,  Uiat  Om  fraetara  of  tho  mooataia  at  aa  oniptiflB  radaecd  tho 
mountain  to  its  present  sixe. 

Tho  Val  del  Bovo  is  a  famous  gorge  or  valley,  with  precipitous  sides,  1000  to 
SOOO  foot  high,  is  tho  oppor  alopea  of  Mooat  Etna.  Fraih4ooklBg  laraa  oover 
the  bottom,  and  dikes  intersect  the  sides.  It  haa  been  regarded  as  tho  reaalt 
of  subsidence.  It  is  iiltogcthcr  pntbable,  as  suggested  by  tho  author  in  his 
Boport  on  Volcanoes,  that  at  its  head  it  was  once  a  crater,  like  Kiluuoa  or  tho 
8aauBli4mter  of  MaaL  Tho  ooaditioaa  wlihia  aad  aboat  the  great  depreiaioa 
aoooid  with  this  Tiaw. 

0.  Sabordliiate  ▼dleanto  pbenomMia. 

1.  Bolfataraa — Solfataraa  are  areas  where  sulphur-Tapora  eaoape 

and  siilphur-incnistations  form.  They  occur  away  firom  intenae 
yoloanic  action.    Inoruatationa  of  alum  are  common  in  auch 


700 


DTNAIUOAL  OIOLOOT. 


places,  arising  from  the  action  of  >uli)huric  acid  on  the  alumina 
and  alkali  of  the  lavaa.  A  decomposition  of  tlie  lavas  is  another 
consequence,  producing  gypnim  (or  iuiphate  0/  Hme)  throng  the 
action  of  the  sulphuric  acid  on  the  lime  of  the  feldspar  or  pyi<> 
oxene,  and  also  setting  the  silica  free  to  make  incrustations  in  the 
form  of  opal  or  quartz,  or  siliceous  earth.  Carbonic  acid  is  some- 
times given  out  in  such  jdaces,  where  thoro  U  limestone  below  to  be 
doconiposed, — an  ncid  (either  suli>huric  acid  or  silica  in  solution) 
setting  free  the  carbonic  acid  by  combining  with  the  lime. 

2.  Hot  springs.  ^Hot  springs  are  common  involcanie  regions.  • 
The  waters  may  be  pure,  or  of  a  mineral  duuracter.  In  Tuscany 
they  give  out  borado  add.  In  Icdand  th^  are  large  and  move  In 
intermittent  jets,  and  are  called  Geysers.  The  tossing  of  the  water, 
which  is  in  some  cases  to  a  height  of  200  fi>ot,  is  supposed  to  be 
owin^  to  a  sudden  production  of  >(<';iin  in  i^liambers  beneath.  The 
stream,  like  any  other  subterranean  stream,  may  have  its  head  in 
the  muuntuins.  But  it  comes  in  contiict  with  the  hot  rocks,  and 
the  heat  and  geyser-movement  is  the  consequence.  It  has  been 
suggested  Uiat  the  waters  are  temporarily  in  the  spheroidal  stats 
from  contact  with  the  lavas  below;  and  as  they  increase  by  addl> 
tions,  after  an  interval,  they  su  lb  iily  fall  below  the  temperature 
requisite  for  this  state,  and  then  the  ex])losion  or  jet  takes  place. 

The  waters  deconipo-^e  the  lavas,  and  take  up  tlie  silica,  owin«r  to 
the  heat,  and  the  j>resenco  of  a  little  alkali  derived  from  the  teid- 
spar  of  th«  lavas.  This  silica  is  deiwsited  around  the  sides  of  the 
ventj^,  forming  a  neat  bowl-like  crater  with  low  sides,  and  covering 
a  large  region  in  the  vidnity  with  uliceous  depositions,  bendes 
petrifying  wood.  There  is  a  large  g^ser^region  in  New  Zealand, 
and  another  in  California  on  the  border  of  the  desert.  At  the  latter 
boracic  acid  is  given  out,  as  at  the  Tuscan  lagoons. 

When  the  qjection  is  In  a  muddy  area,  as  in  California,  it  forms 
mud-cones. 


The  internal  fluidity  of  the  globe,  or  of  great  regions  beneath  the 
outer  emstk  bdng  proved,  volcanoes  are  naturally  regarded  as  out- 
lets to  (he  surface  of  the  interior  fluid.  .They  mark  the  points 
where  the  vaporixable  materials  of  the  interior,  which  naturally 
work  upward,  rise  throu;zh  the  hardened  crust  with  the  lavas  they 
inflate.  Prevost  njses  tlic  homely  compari'^on  of  n  molasses-oask  in 
whieli  the  fermentinir  mola.sses  is  workinpr  out  at  the  bunirdiob'. — 
noting  only  thi.s  ditference:  that  the  vapor  which  does  t lie  work 
has  another  source  than  fermentation.    The  occurrence  of  volca* 
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noes  along  great  lines  of  mountains,  and  in  linear  series,  as  if  over 
prafiMind  fractures,  are  facts  sustaining  this  view  of  their  source. 

The  necessities  of  any  single  volcano,  lik<i  Etna,  or  a  single  cluster 
ot"  tlKMu.  like  those  of  IT.iuaii,  might  he  mot  hy  a  sei»arate  lake 
of  fire  heiieath.  liut  wlion  an  ocean  like  the  Pacific  is  girted  by 
volcanoes,  and  also  blotclied  all  over  witli  the  results  of  volcanio 
fires,  sueh  a  hembphere  of  volcanic  action  needs  a  vast  sea  of  fire 
beneath,  if  not  a  h^bphere  of  igneous  action.  A  volcano  is  ever 
discharging  heat  into  the  air  by  its  lavas  and  gases,  and  must  have 
some  deep  source  below. 

Supposing  the  interior  of  the  glo)>e  to  be  fluid,  and  this  to  be 
the  primary  source  of  vok';inic  iu-tion.  it  doi-s  not  follow  that  a 
connection  with  the  interior  is  retaint-d  hy  every  active  voh  ano. 
After  beginning  on  a  fracture  reaching  through  the  crust,  it  may 
have  become  cut  off  by  cooling,  so  as  afterwards  to  extend  only  to 
a  reservoir  of  liquid  rock;  when  several  volcanoes  have  been 
opened  on  a  single  profound  fracture,  they  may  afterwards  have 
become  wholly  disconnected  from  one  another  as  well  as  from  the 
earth's  interior.  Known  facts  about  volcanoes  do  not  setth^  tliis 
question,  thouj^li  favoring  the  idea  of  disconniM  iion.  Kihuiea,  on 
the  flanks  of  Mount  Loa,  is  one  of  tlie  largest  volcanic  craters  on 
the  globe ;  and  yet  eruptions  occur  at  the  summit  of  the  same 
mountain,  10,000  feet  above  the  level  of  Kilauea,  and  so  extensive 
that  the  lavas  flow  off  for  25  to  SO  miles  without  any  sign  of  sym- 
pathy in  the  lower  crater.  If  the  two  are  connected,  the  siphon 
has  the  liquid  10,000  feet  higlier  in  one  leg  than  in  the  otlu  r. 

This  connection  is  jyossi1)le  only  on  two  stippositions: — (1)  that  it 
is  at  such  a  depth  that  li>,(M>0  feet  is  hut  a  small  fraction  of  the 
whole  length,  and  the  additional  pn  -snre  is  more  than  counter- 
balanced by  tlie  friction  along  the  conduits ;  or  (2)  that,  if  the 
lavas  rise  in  consequence  of  an  inflating  process,  the  difference  of 
length  may  not  imply  a  corresponding  difference  of  pressure. 

Even  about  Kilauea  itself  eruptions  sometimes  take  place 
through  the  upper  walls  of  the  crater  to  the  surface  (as  at  P,  fig. 
96R),  when  the  lavas  are  boiling  freely  in  the  bottom  of  the  crater, 
undisturbed  by  the  qjection. 

VUIe  th«  Iin«sr  smagainstit  of  ths  rolesnto  movat^ns  of  a  group  ii  ori- 
deoee  that  they  all  originatod  in  ono  grand  breakiai;  of  tho  earth's  cmst,  the 

severiil  vtiloanocs  in  a  lino  may  not  stand  over  ono  prolonged  fracture,  Init  over 
a  series  having  a  common  dirvction,  in  the  manner  illafltratod  by  tho  figures 
on  ^agu  19.  This  was  beyond  qaeotion  the  mods  of  origia  of  the  Hawaian 
lalandi. 

The  islands  of  Oaha  and  Haoi  (mo  tg,  24,  p.  SI)  oonsist  eaeh  of  two  groat 
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volcanic  moantains  united  at  baM,  and  Hawaii,  of  three  monntainB.    In  th« 
caso  of  both  Oahu  and  Maui,  the  nortJue4»tem  of  the  two  ToleaaoM  bectame 
•xtinet  long  Mbn  th*  $omtk9m»ltrn,  u  l«  ufpnmt  in  th*  proAmail  valkja  «f 
denudation  tlwt  intersect  its  slopes  and  almost  obliterate  its  original  featare«, 
while  the  lavas  and  parasitic  cones  of  the  latter  look  frc!<h  and  recent.  In 
Hawaii,  also,  Mount  Kea,  the  northern  volcano,  is  the  extinct  one.   Again,  in 
tlio  whole  Hawnlnn  gtonp  the  only  nottvo  Totonnoof  on  in  tho  mmtkeuHem 
island,  Hawaii,  wUlo  tho  nortkwatern  island,  Kauai,  show*  in  its  fcaturc«i  that 
its  extinction  wft"  among  the  earliest,  if  not  the  very  earliest,  of  the  whole 
number.    It  appears,  therefore,  that  each,  Oahu  and  Maui,  stands  over  a  fissure 
wliich  was  UtrjftH  iotoartU  ike  mUkeaH,  dnoe  the  .Area  of  the  eontbeeel  eztm- 
mity  of  each  were  last  extinguished,*  that  Hawaii  had  n  similar  origin,  but 
with  probably  a  fcoond  more  western  fissure  as  the  l^gin  of  the  volcano  of 
Uualalai;  and  that  the  whole  Uawaian  group  originated  in  a  series  of  fractures 
whieh  Inereaeed  in  extent  firom  the  northwest  to  tlie  lontheaet;  for  Hani  eoatt> 
nued  in  eruption  long  after  Oahn  (a  more  western  Idaad  in  the  group),  and 
Hawaii,  the  Mouthcasternmost,  is  the  only  inland  now  active,  and  the  one  that 
through  its  prolonged  activity  has  attained  the  greatest  height  above  the  seik 

These  Iheta  illaatnrte  m  general  prinotple  with  legnxd  to  the  frMtani  of  tte 
earth**  entity  aa  well  aa  the  origin  of  TohHuio  gronpi. 

2.  IGNEOUS  ERUPTIONS  NOT  YOLCANIO. 

Non-Tolcanic  igneous  eruptions  are  those  that  take  i^Iace  through 
fissures  in  regions  remote  from  volouioes.  The  oooled  rook  oeeo- 
I»jhig  the  fissure  is  oalled  •  ififo.  Some  of  the  ehaiMteristics  of 
non-volcanic  rocks  and  dikes  are  mentioned  on  pages  117  and  132. 

These  eruptions  have  omirrod  on  various  parts  of  all  the  con- 
tinents, but  especially  alon^'  their  mountainous  or  hilly  border- 
regions.  Examples  in  New  England  and  along  other  portions  of  the 
Atlantic  border  of  North  America  have  been  mentioned  (p.  430), 
and  others  in  the  Lake  Superior  region  (p.  105).  But  over  the  larger 
part  of  the  Mi.sKissippi  basin  th^  are  wanting.  They  inbound  in 
many  parts  of  Europe,  and  are  very  numerous  in  western  Great 
Britain,  ospecially  in  Cornwall,  Walos.  and  portions  of  Scotland,  as 
well  as  in  Ireland,  FingaTs  Cave  antl  the  Giants'  Causeway  are 
noted  examples.  They  may  be  not  less  abundant  in  eastern  Eng- 
land, beneath  the  covering  of  Meaosoio  and  Osnoaoio  fonuations 
whidi  there  prevaiL 

The  oohimnar  form  which  the  rocks  often  assume— not  nn> 
known  even  in  volcanic  regions — is  woll  ilhist rated  in  the  aooiMaD> 
panying  sketch  (fig.  975)  of  a  scene  in  New  South  Wales. 

The  dike^  ditl'er  in  width  from  a  fraction  of  a  foot  to  several 
yards  or  ev«ti  rods. 

The  rooks  indude  nearly  aU  the  igneous  rodcs  mentioned  on 
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pages  8(>-89,  except  the  scoiiaoeoufl  and  gUaqr  kinds.  Dolerite, 

basalt,  diorite,  and  i>orphyry  are  the  most  common.  They  are 
often  cellular,  owing  to  inflations  l>y  stoam  or  othor  vapors;  Imt 
the  cellules  have  generally  a  smooth  or  even  surface  within,  and 
are  not  ragged  like  tho^c  of  iuvjis, — u  fact  due  to  their  having  b<'en 
under  pressure  when  formed.  When  eellnkr,  the  rocks  are  said  to 
be  an^igdaloidai,  and  are  often  called  aa^dal9idi,—th»  cairitiea  being 


Itaaaltic  culuiaiia,  cooo!  •<•'  lUawiiu<i,  N\  w  i;uuth  Wales. 

occupied  usoaUy  by  aeolites  in  nodules  which  are  sometimes  almond- 

shape<l. 

The  fissures  were  formed  by  a  fracturing  of  tho  earth's  crust  down 
to  .some  region  of  liquid  rock,  if  not  to  the  earth's  hquid  interior. 
They  have  thus  the  some  origin  as  volcanoes,— but  with  this  difibr> 
ence:  that  the  fissures  were  not  so  large  as  to  remain  open  vents. 

In  many  oases  ^ese  fissures  have  been  made  through  the  sub- 
aidenoe  of  an  area  of  depression,  which  was  continued  until  the  in- 
creasing  tr-nsion  on  tho  lower  side  of  this  inverted  and  suhsiding 
arch  of  rork  finally  (■;iu<rMl  rracturt  s  oju  iiin^r  from  holow  upwards, 
that  gavo  exit  to  th«'  liijuid  rock.  The  orifiin  of  tho  dikt-s  in  the 
Connecticut  River  valley  and  of  those  in  the  Lake  Superior  region 
has  been  thus  explained  on  pages  432  and  195. 

The  great  numberB  and  very  wide  diatribution  of  auch  dikes  over  the  globe, 
tak«B  la  eonoMtioii  with  ths  diitribvtioa  of  Tolosnoe^  sad  r^^fams  of  nota- 
morphism,  loaro  Uttlo  room  for  donbt  thst  the  iatoflor  of  Uio  eorth  is  la  a 
liquid  stat%  aotwiUurtaadiag  tho  results  of  aoiso  mattioaiatloal  oaloalatioBS. 
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3.  METAMORPHISM. 
1.  Oenand  oharaetextetlos. 

Thb  prooeM  of  metamori^iuuii  is  simply  a  process  of  change  or 
altoration.  such  at  has  occurred  among  many  of  the  strata  of  the 

glolu'  {ilt«T  thoir  original  dojiosition.  The  term  is  applied  esptTially 
when  tli»'  changes  have  atri'rt4'(l  great  series  of  str.ita,  proihirini:, 
OS  an  extreme  result,  a  crystallixation  of  the  rocks,  and,  as  a  more 
moderate  effect,  simple  consolidation,  and  where  it  is  evident  that 
some  degree  of  heat  above  the  ordinary  atmospheric  temperature 
has  been  concerned. 

Cases  of  loeal  alteration  of  straetuN  aad  afystalHtaHon  an  oonmaii,  mo^iy- 

ing  tho  cuni]Ki>)ti()n  of  laolatcd  crystals  or  masses.  But  iuch  chasges  come 
mostly  under  tho  f<  rtn  ftfrmlnni'trphhin  (frum  totv6of, /aUe,  and  ficp^ri,  j'trm).  If, 
bowevor,  aa  is  not  uuut$uul,  they  occur  over  oonsiderable  areas,  or  near  dikes  or 
Toins,  aad  am  not  dao  simply  to  ordinaiy  mfaMnl  solatloBS  iniltratiBf  thfoegh 
a  nek  or  saanni  or  to  soom  dmilar  loeal  aetioa,  but  to  a  wider  eanse  aaalogoos  la 
that  crystallizing  tho  mctatnorphic  rocks  and  requiring  fomc  elevation  of  tom- 
pernture.  thoy  ure  then  examples  of  truo  mctamorphism.  Stillj  it  is  oflea  Uifficalt 
to  draw  the  lino  between  the  two  series. 

Bxamples  of  metamorphle  rodts  ia  part  foirilifenms  are  meattoaed  am  pages 
270,  391,  .192.  The  famoas  Carrara  mnrble  is  an  altered  Jurassic  limestone 
underlaid  l»y  tiilcoce  nnd  mica  schift  ami  gneiss.  The  crystalline  rock?  of  the 
Alps  are  largely  of  the  same  ago:  according  to  Charpcn tier, Lardy,  ami  Stader, 
Belenaltes  oeesr  near  6L  Gothard  in  a  mieaeeoiu  sehlst  eoati^ing  gomet ; 
and  in  the  Orisons,  Hurehison  observed  a  mimmnlitic  rock  turned  into  a  kind 
of  ^Mici^-'.  Crystallized  limestones  in  the  Urals  still  retain  in  places  their 
Palaeozoic  foe^iils.  In  tho  Vosgcs,  corals  aro  said  to  occur  in  a  homblendic 
foelt  changed,  without  a  change  of  form,  to  hornblende,  garnet,  and  axinite. 

The  various  kinds  of  tnctamorphic  rocks  have  been  described  on 
pages  74-84;  and  examples  of  the  rutUU  on  a  large  scale  have  been 
presented  at  length  in  the  case  of  rocks  of  the  Asoio  age  on  pages 
138-142p  and  of  those  of  the  Palssoioio  ages  on  pages  409,  410.  lbs 
pages  referred  to  aro  a  proper  introduction  to  the  review  of  ths 
sul^eot  and  the  additionid  explanations  which  are  hare  given. 

2.  Efieota  of  metaaoiphiBBi. 

The  principal  effects  of  metamorphism  upon  rocks  ara  the  follow- 
ing:— (1)  Consolidation  :  (2)  Loss  of  water  or  other  vaporiziible  in- 
gredients :  O)  ('hanjioof  color;  (4)  Obliteration  of  fossils;  (5)  CtJ^ 
tallization,  with  or  without  a  change  of  constitution. 

1.  Con«>/i<^/(on.— Ordinary  atmospheric  or  subterranean  waters, 
however  prolonged  their  action,  do  not  necessarily  produce  solidifi- 
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cation.  The  soft  sandstones  of  all  ages,  from  the  Potsdam  to  the 
ioooherent  beds  of  the  Poit-tertiary,  are  evidence  on  this  point. 
It  is  probable  that  depoeits  to  an  immense  extent  have  eziated  in 

past  time  that  failed  to  be  consdUdated,  and  were  consequently 
washed  away  in  the  course  of  subsequent  changes. 

But,  while  there  are  many  fragih'  Potsdiim  sandstones,  there  are 
others,  a.s  those  of  eastern  New  York  and  Vermont,  that  have  been 
hardened  through  the  metumorphiu  procei»s  into  quartzites  or  gra- 
nular quarts  rocks ;  and  depouta  of  sand  and  pebbles  of  various 
other  ages  that  are  refiraotoiy  sandstones  and  grits.  That  the  con- 
solidation took  place  through  the  metamorphio  process,  is  ofben 
evident  from  their  position  within,  or  4m  the  outskirts  of,  regions 
of  otiier  nietamorphic  rocks.  In  the  same  way,  fragile  absorbent 
ar;:iIlaceous  shales  have  been  hardened  into  firm  non-absorbent 
slates. 

The  common  modes  of  consolidation  not  here  inchulcd  amon^  rnptnmorphic 
processes  (although  the  term  iu  its  widest  meiuimg  might  comprehend  them) 
are  the  following: — 

(a.)  Carbonate  of  Vma,  dovivod  Itnm  gfannlated  thoOs  or  IhB«stoiM»  is  oHhi 
disscminntod  through  arcnaccoii'^  Ticil-".  an<l.  when  so,  infiltrafinj;  wiitcrs  may 
take  into  solution  and  deposit  again  some  of  the  carbonate,  and  thus  cement 
the  sands.  Blocks  from  a  soft  oalcareons  landstoDe  often  increase  in  hardnes* 
after  being  lemoTed  from  a  qnarty  and  put  into  a  stmetim  where  thej  are 
expoeicd,  over  the  safftoe  at  leasty  to  alternate  drying  and  moistening  Ummgh 
stnio!4phcric  cauncs. 

{b.)  Bods  of  sand  often  contain  disseminated  grains  of  some  ore  of  iron,  which 
are  altered  by  inflltmtiag  wateis,  and  whioh  afterwards  beoome  wtXUL  and  thni 
•oUdify  the  mn?8.  The  deoomposUion  of  iron  pyrites,  and  the  pero^datton  ef 
its  iron,  ari<i  "f  that  in  carbonate  of  iron  and  muRnetic-iron  ore,  are  the  common 
methods.  The  result  is  often  a  rock  stained,  or  wholly  colored,  red  or  browniak- 
jrellMo^-*-tlie  fenner  eolor  when  the  process  goes  tm  ent  Vt  water  where  Che  atouk- 
sphere  has  free  aooeas.  The  fetmgiaeas  material  ougr  also  be  deriTed  frma 
external  sonipes. 

2.  I^m^  water  wolherveqteriMAUuiffniS^ 
in  the  original  material  of  *  rock  is  sometunes  wholly,  and  somi^ 

times  but  partly,  expelled.  Serpentine  is  a  metamorphic  rock 
containing  12  per  cent,  of  water;  and  taloose  slate  contains  5  or  G 
per  cent.  In  many  others  more  crvstaUine,  water  is  essentially 
:ibsont.  The  hltumcn  of  bituminous  ct.ul  lias  Ix-en  partly  or  wholly 
driven  off  by  the  process,  and  anthracite  and  bemi-bituminous  coal 
fonned  (p.  410). 

Oeuhcmc  add  is  expelled  from  carbonate  of  lime,  or  limestone,  as 
is  well  known,  in  a  heated  lime-kiln.  But  in  the  metamorphism  of 
limestone  it  is  retained.  It  has  been  shown  by  experiment  that 

4« 
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the  OMrbonic  acid  is  not  given  out  if  the  material  is  ander  heavy 
pressure.  If  this  be  truo  of  carbonic  aoid,  it  will  be  w  also  of 
other  ingredients  less  easily  expelled. 

3.  Change  of  color. — Comi>act  limestones  are  usually  of  grayish, 
yeUowifh,  browniih,  and  Uaokish  oolora.  Vtcm  the  metanuwiihie 
pfooeas  they  often  oome  out  white.  The  original  color  in  ttieae  and 
argillaceoiM  beds  is  often  due  to  carbon  from  ancient  plants  or 
animal  matters;  and,  when  so,  this  carbon  is  removed  and  the  rock 
blaiu  hcd, — just  as  the  limestone  in  a  lime-kiln  turns  wliite.  Wlien 
oxyd  of  iron  in  any  form  is  present,  the  blanching  does  not  take 
place  unless  the  oxyd  is  thrown  into  some  new  state  of  combination 
in  the  crystallinng  procesB.  When  there  is  only  a  partial  met»> 
morphiem,  its  pretence  generally  causes  a  change  of  color  to  red. 

4  CMiteraHm  of^fittriU. — Rooks  that  have  been  flulyeeted  to  the 
metamorphic  prore'st?  have  usually  lost  all  their  oriirinal  fossils. 
Where  the  mctamorphisui  is  partial,  the  fossils  may  in  part  remain, 
only  obscured.  The  Devonian  coral  limestone  of  Iioke  Memphre- 
magog  contains  some  nearly  perfect  owak ;  but  most  of  them  are 
much  flattened  and  indefinite  in  outline,  and  others  are  only 
patches  of  wliite  crystalline  carbonate  of  lime  in  a  bluish-grs^ 
limestone  rock,  which  is  itself  hardly  at  all  crystallized.  A  step 
further  in  the  process,  and  the  limestone  wouM  have  become  a 
whitish  rock  of  uniform  granular  texture,  with  no  traces  of  the 
fossils,  except,  it  might  be,  in  white  veinings  and  blotciies. 

5.  OrjfitalSsa^oH, — ^The  variety  of  crystalline  rocks  formed  by  the 
metamori^e  process,  and  the  wide  eactent  of  the  regions  over 
which  they  have  been  formed,  will  be  learned  firom  the  pages 
already  referred  to  in  the  earlier  part  of  this  volume.  They  orcur 
in  all  parts  of  the  world,  imderlying  sedimentary  formati(»ns.  if  not 
at  the  surface,  and  they  are  of  various  ages,  from  the  Azoic  to  the 
Tertiary.  While  the  Appalachian  crystallization  and  that  of  New 
England  took  place  before  the  Hesosoic  era,  that  of*  the  Siena 
Nevada  in  Osliibmia,  according  to  Whitney,  oocorred  as  late  as 
cither  the  commencement  or  end  of  the  Cretaceous  period;  and 
that  of  portions  of  the  Alps,  after  the  Jurnssir  or  Cretaceou'*. 

The  crystallization,  in  some  cases,  involves  no  chanc  of  com- 
position. This  is  the  fact  with  most  limestone;  the  ordinary  com- 
pact rock  may  be  mmply  changed  by  the  procses  to  •  crystalline* 
granular  conctition,  and  bleached  in  color. 

In  other  eases  the  constitution  is  altered,  new  mineral  species 
being  formed.  Arjiillaeeous  slinles  are  clinnped  to  mica  schists,  and 
argillaceous  sandstones  to  trneiss  or  granite.  Even  in  the  case  of 
limestone,  the  impurities  are  turned  into  crystalline  minerals  of 
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different  kinds^  such  m  yaemett  ubmuet  p^nxenCf  seapolUe, 
ekimdndUe,  €g9atUe,  etc. 

The  crystalluatioii  which  is  prodnoed  by  the  process  is  of  all 
grades,  from  mere  solidification  of  a  bed  of  shale  or  sandaUme^  to 
the  formation  of  a  perfect  granite. 

3.  Origin  of  metamotpliio  changes. 

Premalu^f  €«mg.-— The  great  promoter  of  metamorphio  changes  is 
tuhttrrancan  heat,  acting  in  coiyunction  with  mpiitere,  and  usually,  if 

not  always,  under  pressui 

Tht?  heat  requisite  for  nu  taiiKM  )  Iiisin  is  less  than  that  of  fusion  ; 
for  the  evidence  is  decisive  that  alliiough  the  rocks  may  be  so  far 
softened  as  to  have  some  degree  of  plasticity,  this  is  unusual,  and 
for  the  moat  part  a  comparatively  low  temperature  is  all  that  is 
required.  It  is  probable  that  the  results  have  generally  taken 
place  between  300**  and  1200*  F. ;  but  it  was  heat  in  slow  and  pro- 
longed action,  operating  through  a  period  that  is  long  according 
to  geological  moasure.  A  low  temperature  acting  gradually  during 
an  indefinite  ago — such  as  Geology  proves  to  have  been  re«]uu'ed 
for  many  of  the  great  changes  in  the  earth's  history — would  j»ro- 
dnce  results  that  could  not  be  otherwise  brought  about,  even  by 
greater  heat. 

The  lower  Unit  of  temperatars  is  sometimM  plated  maeh  below  800*  F. ; 
•ad  for  eoaaolidatioii  it  majr  be  rightly  eo.  Bat  then  is  deftalte  evideaee  tliet 

it  has  exccetled  this  in  the  majority  of  ca^es.  In  tho  great  flmlts  of  the  Appa- 
lachiani<,  lO.Oi'O  to  20,000  feet  in  extent,  Lower  Filurinn  limo!)tonc8  are  broupht 
up  to  view,  c'lntaiuing  their  Tusdils,  aud  nut  luctumorphic.  Tuking  the  inorea«e 
of  tenperatnre  in  the  earth's  erast  at  1^  F.  for  00  foot  of  deeeent,  10,000  feet 
of  depth  would  Rive  220°  F.  as  the  temperature  f>f  tho  linu'fitonc  before  tho 
fnuUinj;.  and  20,000  feet  wnild  give  390*'  F.  Bnt  1°  F.  per  fiO  feet  of  descent 
i«  the  present  rate,  and  must  bo  far  short  of  that  at  the  cloae  of  the  Carboniferous 
age^  when  the  earth'*  enut  was  lo  eaiily  flexed  and  metamorphiani  took  plaee 
on  so  graad  a  eeale :  and  henee  the  Ituestone  mast  hare  been  suljeeted  to  a 
heat  far  above  220°  F..  if  at  a  depth  of  10,000  feet.  The  Icnfxth  of  time,  more 
over,  duriog  which  it  was  thus  heated  muflt  bare  lieOB  great,  as  follows  from 
the  age  of  tho  rocks  and  tho  period  of  the  faulting. 

Moistin-e  is  essential,  because  dry  rook  is  a  non-conduetor  of  heat 
(as  well  shown  in  the  case  of  a  common  fire-brick),  and  also  because 
of  its  chemical  powers  when  heated.  Books  nsiMny  contain  some 
moisture;  and,  when  moist,  heat  is  conducted  readily  through  them. 

The  pressore  may  ha^e  been  either  that  of  saperincnmbent 
waters  or  of  overlying  rocks.  A  little  thickness  of  the  latter  would 
give  all  the  presscre  that  is  in  any  case  essential 
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The  evidsiMe  tluii  heal  has  been  the  promoting  cense  is  ne  fol- 
lows : — 

1.  The  Ill/lets  are  analor/ous  f  i  tfin.ie  which  heal  is  Icitown  to  pnxluce. — 
^Vulor,  though  a  weak  cheuiicul  agent  when  cold,  if  heat«d,  hm  in- 
oreaiied  ralvent  end  deoompOBing  powen  and  inoreisod  efficiency  in 
promoting  ohemioal  changes.  When  heated  under  pressure  aboTC 

the  boiling-point  of  water  (212P  F.),  it  has  the  qualities,  or  i«  in  the 

condition  of,  superheated  steam,  and  is  then  an  exceedingly  powet^ 
ful  a^'t-nt  as  a  d«^str()y<'r  of  cDhcsion  and  solvent,  and  a  promoter 
of  dfoomposition.s  prr2>arat<)ry  to  rocompositions,  jus  Daubree  and 
others  have  shown.  The  moisture  disseminated  through  rocks  and 
distributed  among  them  would  be  for  the  most  part,  if  not  every- 
where, in  this  superheated  condition. 

When  feldspar,  or  a  related  mineral,  is  acted  upon  by  these 
means,  the  waters  tak<^  its  alkalies  and  silica  and  lieoome  a  siliceous 
solution,  fitted  to  prouMttJ  Holitlification  or  to  make  new  ervstailiza- 
tions ;  and  when  uioislure  is  dittused  tiirough  a  rock  cout^iining 
feldspathic  ingredients,  this  uliceous  solution  is  alike  diflbsed,  and 
a  simple  cooling  may  cause  it  to  concrete  and  solidify  the  mint 
TheGey^ors  afford  an  example  of  siliceous  waters  formed  in  this 
manner.  These  siliceous  solutions,  or,  more  properly,  solutions  of  a 
silicate  of  i>ota«h  or  sodu,  are  in  a  state  to  ])romote  combinations, 
and,  wherever  the  conditions  are  favorable,  may  aid  in  the  form- 
ation anew  of  feldspar  and  other  silicates. 

Crystalliiationa  of  cpidoto,  tourmalins,  pvroxeue,  nnd  other  species  ban 
b««n  formed  ia  the  saiidstoBM  adjoin  in;;  trap  dikes,  through  the  beat  which  the 
trap  had  when  Reeled.  Near  Rocky  Hill  in  New  Jenwy,  also  on  tlie  Delaware 
fit  T,;imhrTt«ivinc,  and  op]i'i-<itc  nt  New  lIo]>c,  tluTP  "ccnr,  tinder  these  cirrutn- 
•tnuces,  short  prisma  of  black  toarmaliDo  half  an  inch  in  diameter,  along  with 
•pidotAk  TIm  redt  hss  been  dictiaetly  baked  by  the  beat  ia  tome  eases  to  a 
difltanoe  of  a  qnaHor  of  a  mile,  and  consolidated  to  a  nveh  greater  diataaee. 

A  trip  dike  intersecting  the  cl;iyey  Inyrs,  "nnd.itones  and  coal  bed?  of  the 
isUuiU  of  ^I'obby,  Kew  South  Wales,  has  biikod  the  clayey  layers  to  a  flint-like 
rodt  to  a  disteaee  of  two  bvadfed  yards  bom  the  dike,  ^  wliole  length  of  the 
island :  the  baking  effeet  mast  bavo  eontinvod  mneb  fhftber,i— tbongb  tbe  dinel 
Ovidcuco  is  cut  off  by  the  river. 

Daubr6e,  besides  decomposing  various  silicates  by  means  of  superheated 
•team,  has  nade^  ia  this  way,  quarts  crystals,  feldspar,  pyroxene^  and  mica,  the 
erystallisatioB  taking  plseo  behm  tfte  jmmI  ^/mWon. 

Through  the  difltasion  of  supwheated  steam  at  a  high  tempera- 
ture, the  rocks  may  have  derived  increased  flexibility,  so  thata  mate- 
rial otherwise  unyielding,  as  limestone,  was  flexed  under  the  slowly- 

aetini.'  i)rpssure,  without  breakiiv^.  The  eflect  may  have  boon  even 
greater  iu  houio  cases,  and  have  produced  plasticity,  or  »emi-iusii>n, 
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in  which  state  limestone  might  have  becai  pveteed  into  fissures  in 
acyoining  rocks  so  as  to  make  a  species  of  ii\jeeted  Ydn.  The  fie* 
sores  and  openings  in  rocks  formed  while  the  metamorphim  was 

ill  ])i''><!r<'ss,  and  the  distiiu-tno-is  in  most  ciuses  of  the  original  planes 
of  lauiination,  are  ovi'lciK  tliat  this  phistic  or  semi-fused  state  waa 
not  coMunon  in  mctMinorpliic  oixTations.  It  may  have  h«-en  one  of 
the  conditions  requihite  for  the  I'ormutiou  oi  granite, — a  non-soiiist- 
ose  rock;  and  the  tranntions  from  gneisa  to  granite,  which  are  by 
imperceptible  gradations,  may  indicate  different  degrees  of  thisstate. 

There  may  seem  to  "be  some  dlAeuIty  in  accoonting  for  metamor- 
phic  results  on  the  ground  of  the  diversity  of  mineral  s])ecics  thai 
are  protluced.  But.  in  tin.*  Jirst  place,  the  ehments constituting  these 
species  are  few  in  nuinher. — sili<'a.  alumina,  i>otash.  smla.  lime,  mag- 
nesia and  the  oxyds  of  iron  li»>ing  all  that  are  necessary  lor  the 
great  miyority  of  them ;  in  the  second  phice.  the  material  of  sedi- 
mentary strata  is,  to  a  large  extent,  nothing  but  palveiiied  metamor- 
phie  rodcs,  so  that  the  metamorphism  is  often  only  a  new  crystal- 
lisation of  the  minerals  already  present ;  and,  in  the  (Jdrd,  the 
organic  remains*  out  of  which  many  rocks  have  been  largely  made, 
even  the  arenaceous  and  aruillaceous.  have  contributed  a  variety  of 
injir^'di.'iits.  Itesides  carlionate  of  lime, — the  most  important  of 
irbich  are  phosphoric  acid  and  fluorine  (p.  OG). 

Pome  nrirniiiccnu?  brd"  consist  largely  of  true  clay.',  ropultin^  from  tho  dccom- 
pusitiun  of  fcUUpar  or  other  aluminous  minerals.  But  generally  they  are  made 
■i^ly  of  pulToriied  feldspar  with  quarts,  as  Ii  proved  by  the  preienoe  of  alka- 
lies found  by  ehennioBl  saalysia.  When  tho  alkalies  are  absent,  hm  Hunt  has 
fitntt'd,  metamorphism  cnnnot  produce  felditparf  bat  BMJ  ftU  the  tlote  with  onda* 
lusite,  kyanitc.  or  other  non-ulkalino  species. 

The  following  table  prcaents  a  general  view  of  tho  eompoaltion  of  tho  smco 
eonunon  roek-making  materials,  ehowfaig  their  eloee  similarity*  Tiie  nsmos 
,  and  feldspar  cseh  iaelnde  serersi  speoios :~ 

Silica  ».«.. .»•»..»••».. ».»»»»..  Quartz  (p.  55). 

**    -f  magnesia  and  water   Talc  (p.  61). 

******    Serpentine  (p.  61). 

M  "    -t>  lime  or  protoxyd  of  Iron................  Pyroxene  (p.  M). 

**  "  "  "   Homblcn.lc  (p.  59). 

**  "     +  alumina  and  protoxyd  of  iron   Chlorite  (p.  filK 

"    -i-  alumina   Andalusitc  (p.  6S). 

... .......M  ............ ...............MM......M.*    Kyanite  (p.  58). 

«  "  +  fluorine   Topas  (p.  59). 

**  "  +  oxyds  of  iron   Staurutido  (p.  M). 

"  "         "  +  potu»h  or  magnesia.  Mica  (p.  56). 

"  +  lime  and  soda   Soapolite  (p.  58). 

**  **  +  line,  msgnesis,  iron,  or  naagaaeso  Onmet  (p.  57). 

«  "  -I-  oxyd  of  iron ...............................  Bpldole  (p.  it). 
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miOB-i-  alamina  and  potash,  soda,  or  lime  Feldspar  (p.  55). 

«  "     +  alkali,  magnesia,  and  boraoic  acid  Tourmuline  (p.  58). 


The  prosenco  of  phosphorio  acid  iroui  organic  remains  determines  often  the 
furmatiun  in  m«tamorphioliaMikOBfs,andevflDioiiiettniMingranitM»of  crystal! 
»f  tqmtii*  (pbo^hato  of  lime);  ud  Um  ptescnce  of  fluorine  wj  promote  the 
fliyitallisation  of  ckomirodittf  topaz,  Mid  some  other  cpeeiee. 

Agun*  all  heated  sabternmeaii  waters  would  bocoine  mineral 
waters,  and  would  serve  to  curry  the  material  they  hehl  in  solution 
whorevor  tlioy  might  luive  afcos.><.  In  a<hlition,  the  ocean  is  a 
niim-ral  >ouico  as  wide  as  ilio  world,  i'urni>^ied  abundantly  wiih 
i>odii  and  magaetiia,  and  in  bmaller  proportions  with  mauy  other 
ingredients. 

neeuiheoL — ^The  rocks  during  a  period  of  metamorphism  are  under* 

go'inp,  oxtonsivo  displaooment«i  and  foMinir-;.  profonn<l  fracturing* 
and  I'aultings,  as  illustrated  in  the  examplcij  which  have  been  de- 
scribed. Mutamorphic  rocks  arc  always  displaced  and  folded 
rooks,  and  never  for  any  oonsiderable  dtstanoe  horisontal.  Where 
the  foldings  are  most  nnmeroiis  and  abrupt,  reducing  the  strata  to 
a  system  of  parallel  dips  by  the  ])rcssing  of  fold  upon  fold,  there^ 
as  remarked  by  the  Professors  Rogtn*s,  the  metamori)hisra  is  most 
complete.  In  the  case  of  mineral  i-oal,  the  bitumen  is  more  com- 
pletely ««xi)elled  the  greater  the  disturbance  of  the  strata;  and  in 
the  metamorphic  region  of  Rhode  Island  the  coal  i^  changed  even 
to  graphite  by  the  heat  (p.  410). 

d.  sternal  aprinfft  ta  mttaKmphk  r^^isiu.— The  thermal  springs  of 
Virginia  are  regarded  by  the  Professors  Bogers  as  owing  their  heat 
to  the  same  oanse  which  produced  the  consolidation  and  metainor- 
phism  in  the  Appalachian  region  ;  and  they  instance  as  ^•\  idi-noe 
the  fact  that  the  localities  where  they  occur  are  generally  situated 
over  the  aads  of  some  fold  in  the  Appalachian  strata. 

It  appears  from  the  above  that  the  escape  of  subterranean  heat 
took  pUu^e  during  a  prolonged  epodi  of  profound  subterranean  dis- 
turbance. As  the  epoch  slowly  progressed,  multiplying  foltb  .and 
fractures,  the  heat  as  gradually  welled  up  from  V»elow,  i)eiiet rating 
the  moist  and  yielding  beds, — in  some  regions,  whore  the  ujtlift- 
ing  was  least,  only  solidifying  the  beds;  in  those  most  di-^turbed, 
crystallizing  them,  and  filling  them  with  Teins. 

Local  cases  of  metamorphism  from  hot  mineral  waters  and  dikes 
of  igneous  rocks  have  occurred  without  uptumings.  But  these 
citso^,  while  the  same  in  their  chemistry,  are  no  examples  of  the 
great  physical  conditions  under  which  the  metamorphism  of  the 
thick  formations  has  taken  place. 
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Herschel  brought  forward  the  argument  that  since  there  is  an  increase  of  tem- 
perature for  every  sixty  feet  of  descent  in  the  earth's  crust,  if  strata  should  ac- 
eumnlate  otot  a  ngioa  ia  (he  ma  to  a  depth  of  10,000  feel,  the  heat  would  rise 
•eeordingly  into  the  stratified  mass ;  and.  ha  the  same  temperature  would  exist 

at  a  depth  of  sixty  feet  as  bcfurc.  tliorc  wmiM  lie  accordingly  in  tlie  lower  piirt  of 
the  mass  the  same  elevated  temperature  thut  existed  10,0U0  feet  below  the  former 
•nrfaoc, — this  being  a  means  of  raising  heat  from  below  without  di^^turbancc,  and 
A  degree  of  heat  thai  hi  aone  ofareamstaaeee  might  be  rafleieBt  for  netamor* 
phi^m.  But  if  metamorphism  had  actually  token  place  in  this  way  we  should 
expect  to  find  section?  showinL'  hunztiuitil  or  slightly-disturbed  nietamnri'liie  IxmIs, 
and  a  gradual  truujjitiou  through  a  soriea  of  6uch  beds  tu  an  absence  of  mcta- 
aoipbiem ;  hat  this  has  nowhere  been  otwerred.  The  great  Appalachian  fimlti 
(p.  707)  are  direct  testimony  against  the  theory.  It  is  remarkable  that  eren  in 
the  cii^c  of  tho  Aroif  rnt  ks.  formed  in  a  period  in  which  it  is  supposed  tbecnist  of 
theoiirth  was  thin,  there  are  no  examples  of  mctamurpbic  AonxoM/a/ beds  (p.  144); 
they  \io  folded  or  tUud  beneath  koritomiai  Silurian  strata  in  Canada  (p.  134). 

4.  IfftttMiiorptalsiii  of  BMtuiuniihlo  rooloi. 

Hetamorphic  rocks  are  not  proof  against  fturther  metamorphism. 

Among  the  Azoic  rocks  of  northern  New  York  (in  Fowler,  De 
Kalb,  Edwards,  Bussel,  €k>uvemcur,  Canton,  and  Hermon,  St. 
Lawrence  co.)  there  nre  extensive  beds  of  a  kind  of  soapstone 
(called  Keiissehierite)  whicli  has  in  phices  the  cleavnfre  of  pyroxene, 
showing  an  alteration  of  pyroxenic  and  perhaps  otiier  locks  into 
soapstone  by  some  magnosian  process;  and  the  serj>.  ntine  of  the 
re^on  may  be  of  the  same  period  of  metamorphic  change.  Exam- 
ples of  the  change  of  crystals  and  rooks  to  soapstone  or  serpentine 
occur  in  the  metamorphic  regions  of  New  Jersey  and  Pennsylvania; 
and  tliey  are  common  in  other  countries.  Again,  in  the  Azoic  of 
nordiern  New  York,  at  Diana  and  other  places  in  Lewis  county, 
there  are  hcds  of  a  soft  compact  rock  which  is  sometimes  worked 
into  inkstands,  and  resembles  the  agalmatolite  of  China;  and  at 
one  locality  there  are  crystals  of  nepheline  altered  to  this  agalmsp 
tolite.  These  cases  of  the  metamorphism  of  metamorphic  Ak^o 
rooks  may  have  taken  place  during  the  epoch  of  metamorphism 
after  the  Palteozoic  era.  when  the  rocks  of  New  England  were  to  so 
large  an  extent  crystallized. 

Sec  further,  on  the  history  of  thi?  branch  of  Bcienco  and  its  processes,  a 
Memoir  by  l>aubrC'c,  translated  from  the  French  by  T.  Egleaton,  and  published 
la  the  Sfliithioiiisn  Annvsl  Bcport  (8to)  for  180L 

4.  FOBliATION  OF  VEINS. 

1.  Feiu.— Veins  occupy  either  fissures  interseotang  strata^  or 
spaces  opened  between  the  layers  of  folded  beds.  They  may  result 
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from  any  movement  of  the  rocks,  howrvfi-  >lijzlit  or  from  whatever 
cause  ;  they  abound  in  ail  dkiurbed  and  iuetamorphic  beds.  J'Jiey 
may  linve  great  depth*  extending  through  a  series  of  formatioiu,  or 
be  confined  to  particular  strata.   Where  a  disturbance  is  in  pro- 
gress, the  diffi^rent  kinds  of  rock  will  necessarily  be  fractured  dif- 
ferently, according  to  their  nature.    ThoMe  that  are  unyielding  or 
fra<rile  may  be  broken  into  numberless  fragments,  and  tht^sr  frag- 
ments \vi(h-ly  disphieed:  so  that,  when  the  opened  spaces  or  tis>ure!< 
are  filled,  the  rock  will  be  reticulated  with  irregular  and  termutyly 
^KAerf  veins.  The  forming  of  reins  by  the  opening  of  layers,  alluded 
to  above,  occurs  especially  in  slate-rocks ;  auriferous  quarts  veins 
ive  to  a  great  extent  of  this  diaracter.   The  general  fortbs  and 
other  characteristics  of  veins  are  described  and  illustrated  on  pages 


•  2.  Mf  thoih  of  filling  veins. — There  are  three  ways  of  filling  veins:  ( 1 ) 
by  injection  from  below;  (2)  by  infiltration  from  above;  (3)  by 
infiltration  from  tiie  enclosing  rocks  either  side  of  the  vein  or 
bounding  it  along  some  portion  of  its  course.  Under  the  tecond 
and  Uurd  methods,  heat  is  not  absolutely  necessary,  though  generally 
required. 

Fir.sf  vu'thnd. — The  first  method — that  by  which  trap  dikes  were 
formed — is  not  the  common  one.  There  are  cases,  like  thai  of  the 
Lake  Superior  region  (p.  195),  where  metak  ix  metallio  ores  are 
directly  associated  with  ii\jected  dikes.  But  it  is  always  a  question, 
in  such  a  caHc,  whether  the  metallic  ingredient  was  derived  from 
the  same  deep  igneous  source  with  the  melted  rock  of  the  dike,  or 
whether  it  was  receivi  d  from  the  rocks  of  tlie  deeper  walls  of 
fissure  during  the  piogress  of  its  injection,  Tlie  vai)ors  or  mineral 
solutions  produced  at  such  a  time  often  penetrate  the  rock  ad- 
joining the  veins,  sometimes  to  considerable  distances,  either  dif^ 
fiising  ores  Uirough  them,or  filling  oraoks  or  long  fissures. 

Second  methotL-^Tihe  second  metliod  is  exemi>lifif>d  only  in  super- 
ficial veins,  seam<,  or  cavities.  Carbonate  of  lime  is  often  thus  d^ 
posited  in  scams  or  open  cavities. 

T/tinl  inetliod. — The  third  method  is  tliat  by  which  the  great  ma- 
jority of  the  veins  in  metamorphic  rocks,  whether  simply  stony 
or  metalliferous,  were  produced.  The  nature  of  the  minerals  con- 
stituting veins,  their  assoeiations,  and  the  banded  structure  often 
characterizing  them,  are  opposed  to  their  formation  by  injection. 
An  example  of  the  banded  striu  ture  is  represented  in  fig.  076,  in 
which  1,  3,  and  0  are  sections  of  layers  of  (piart/ :  2.  4,  of  giiei>soid 
granite ;  and  6,  of  gneiss ;  and  other  examples  are  described  on 
page  123.  Such  an  arrangement  could  have  resulted  <mly  from  a 
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Fig.  976. 
43212  4 


Bnniloil  vein  in  gneis* 
sold  gtmiiit6,T«lpwalio. 


lateral  filling  of  the  r&n  by  slow  and  sacceatiTe  supplies  of  ma- 
terial. 

The  fissures  occupied  by  veins  ure  .siini)ly  cavities  penetrating  the 
rocks  more  or  less  deeply,  sometimes  clown  to  re> 
gions  of  great  heat,  but  not  quite  to  the  igneous 
interior.  During  the  metamorphio  changes,  such  < 
cavities,  .i<  ("tn  as  formed,  would  begin  to  receive 
mineral  solutions  or  vapors  from  the  rocks  adjoin- 
in^'.  Tilt'  rocks  could  contain  suftieicnt  moisture 
to  curry  on  this  system  of  intiltratiou,  if  there 
were  no  other  source,  and  the  tendency  of  cur- 
rents in  the  moisture,  and  any  vapors  present, 
would  be  towards  the  open  spaces.  The  mineral 
matters  thus  carried  to  the  fissure  would  there 
become  concreted,  and  commence  the  formation 
of  the  vein. 

These  materials  from  the  unjoining  rock  may 
be  taken  directly  from  it  by  simple  solution,  or  be  deriTed  by  a 
decomposition  of  some  of  its  constituents.  And,  when  transferred 
to  a  vein,  they  may  be  concreted  unchanged,  or  enter  into  new 
compositions  through  the  mutual  action  of  the  several  ingredients 
there  collrcted. 

The  Veins  in  semi-eryst.illine  slates  are  mostly  of  quartz,  because 
silica  is  readily  taken  up  by  heated  waters  from  siliceous  minerals, 
and  is  everywhere  abundant.  Many  are  of  carbonate  of  lime,  and 
for  a  similar  reason.  The  solutions  of  carbonate  of  lime  may  enter 
fi'om  above  :  but  the  supply  has  usually  been  derived  from  the  ma> 
terials  of  the  adjoining  rock  through  the  process  of  infiltration. 

The  veins  in  granitic^  rocks  must  have  lieen  often  formed  at  tlie 
high  teni[)erature  required  for  the  metumorphism  of  granite,  and 
the  material  constituting  them  is  therefore  often  the  same  essen- 
tially as  that  of  the  granite,  only  in  a  coarser  state  of  tnystallixap 
tion. 

In  t lie  infiltrating  process,  materials  that  are  scattered  very  widely 

an<l  only  in  minute  quantities  through  the  adjoining  rooks  are 
gather<-d  gradually  ijito  these  ojien  cavities.  The  crystallizing  of  the 
material  iield  in  solution  robs  the  moisture  of  its  mineral  portion, 
and  will  lead  to  a  constant  re-supply  of  it  from  the  rock  around 
as  long  as  the  material  lasts  or  the  conditions  fiivoring  its  being 
taken  up  are  continue<l.  Thus  veins  become  filled  with  crystals 
of  various  minerals  and  ores  that  are  not  visible  outside  of  them. 

The  materials  through  every  portion  of  a  vein  are  not  necessarily 
derived  from  the  rock  acyoining  that  portion.    Tiio  granitic  or 
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otber  material  derivad  from  ita  daeper  part  maj  riaa  and  oconpif 

the  voin  where  it  intersects  siste-rocks. 

Witli  this  mn(h^  of  filling;,  wlien  the  process  is  very  slow,  the  outer 
laytT''.  <»i"  tiiosi-  lying  ajrain-i  llif  .>tiolosing  walls,  will  l)e  first  lV)nutHl. 
and  then  another  luyor  inside  ut  ihi^,  and  so  on,  until  the  wLole« 
to  the  centre,  is  ooeupied.  By  aaoh  means  the  banded  etraoture  ia 
produced.  Owing  to  the  vaiying  oirciuMtaneea  during  the  sloir 
filling  of  a  vein, — the  work  sometimes  evidently  of  a  long  period,— 
the  infihratiiiir  material  varies  in  kind  ;  nnd  lienoe  comes  the  vnri:i- 
tion  in  l\n-  niineials  constituting  the  succensive  layers. a^  <U-.eniieJ 
on  page  .Some  ol"  the  layers,  eHj>ecially  the  nietullic,  may  he 

fbrmed  from  Taport  w  solutions  rising  from  a  deeper  sooroe  than 
the  range  of  level  along  which  thoy  occur. 

Thus,  quarts  may  be  succee<led  by  fluor  spar,  and  this  by  an  ore 
of  one  or  more  metals ;  the  last  by  quarts  again,  w  by  caloita;  and 
so  on  in  various  alternations. 

If  th<'  process  of  filling  were  rapid,  the  vein  would  fail  of  this 
division  into  layers.  The  aiiyoimug  rock  is  often  cotemporaueously 
altered. 

Certain  Teini  la  eiyatalUne  loeki  whfah  Umd  on  citliar  aid*  with  tlw  roek  a4- 
Jolaiiig  are  soauitiaMS  called  tegrtgated  vtint.  They  are  oupposed  to  hare  been 
formed  l>y  a  ««'irrf satin cr  process,  or  a  crystallixntjon  out  of  the  rt>ck  in  which 
thsy  occur,  the  tlircctioQ  uf  the  piano  of  the  vcia  being  determined,  uut  ihe 
pravioiu  esiateaM  of  a  fiaaue,  but  1^  magaetio  ewieata  throvgh  tlra  rodi,  or 
other  leM  intolligiblo  caiue.  No  facts  uuthorizo  us  to  mfcr  that  magnetio  ear- 
rcnt.i  have  the  powt-r  hcrt*  iittri1)iit<"l  t  '  Ihcin.  Sii.  h  a  l^lnnlin^  <»f  a  voin  with 
the  walb  '\i  a  uutural  rus(ilt  when  I'urmutiun  in  a  llosare  takes  place  at  a  high 
temporature  during  the  motamorphiam  or  orystalllsation  of  the  eontainiag  ro^ 

3.  AiteraUons  of  vant. — Veins  do  not  always  retain  their  original 
constitution ;  and  those  that  are  metalliferous  arc  esjiocially  liable 

toalterati  >n  There  are  often  lines  of  small  cavities  through  the 
mid'lle  of  a  v<'in  or  along  its  sides,  or  in  Itoth  ;  nnd,  when  the  rocks 
in  wliii  li  they  occur  an-  raise<l  aliove  the  levt  l  of  tho  oc-an.  the  at- 
mospheric waters  find  accciis  as  they  become  subterranean,  and 
constantly  trickle  through  them.  These  waters  decompose  some 
species  readily  (iron  pyrites,  etc.),  and  tske  the  new  ingredients 
(sulphate  of  iron,  cti .)  into  solution.  Feldspathic  mineral-^  may  be 
decomposed,  and  the  waters  thereliy  heeorao  siliceous  and  alkaline; 
or,  in  one  way  or  anntlier,  they  may  heeome  earlmnatefl.  Thus 
armed,  the  waters  go  on  making  various  changes  in  the  orrs  and 
minerals  of  tho  vein,  altering  copper  pyrites  (sulphurct  of  copj^er 
and  iron)  to  coi)per-glanoe  or  erubescito  (sulphurets  of  coppt^r),  or 
to  malachite  (carbonate  of  copper),  or  changing  in  a  similar  manner 
ores  of  silver,  or  lead,  etc.  In  some  parts,  the  arrangements  may 
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positaons  and  recompositions.  When  the  solutions  difl^,  after 
intervals  of  time  there  will  be  a  succession  in  the  changes,  and 

layers  of  different  species  may  be  formed. 

Thu!-.  a  layer  of  (juartz  may  be  succeeded  by  one  of  fluor  f\tnT,  or  of  tino 
blende,  or  of  cAlcite,  or  of  ^uurU  again,  etc.  In  the  cuurtie  of  the  changes,  a 
liqr«r  of  oabw  of  inor  fpar,  ondmlying  one  of  quartz,  may  be  entirely  dissolved 
awajr.  Mid  the  eabical  eaTitias  filled  np  by  another  spedM,  m  line  blende^  ete. 

The  rock  of  the  walls  (especially  of  the  lower  wall,  wbere  tbe  vein  is  inclined)^ 
when  not  united  firmly  to  the  vein,  often  undergoo.x  deep  iiliiT!iii<>!i.  and  may 
become  penetrated  by  ores  from  the  vein  it^df,  curried  in  by  intiltrating  aolu- 
tiona.  Theae  alteration!  are  moit  exteniiTO  in  tbe  upper  part  of  Toini,  wh«re  it 
often  happens  that  the  metals  are  removed  by  faiiltrating  watenf,  exeepting  for 
the  nuft  part  the  iron,  which  i.-«  left  in  the  ftatc  t»f  red  nxyd.  giving  its  color  to 
the  oarlhy  ma.«s  at  the  top  of  the  vein  (called  then  the  in  in  hut).  Ilcnoe  the 
occurrence  of  a  line  of  red  earth  in  tbe  soil  may  be  an  indication  of  a  vein  of 
ore  beneath. 

Gold-bearing  qaartz  veins  generally  lose  the  pyrites  and  perhaps  other  orss 

which  they  contain,  and  thus  become  favfrnous  to  a  conf'iflcnible  ib-pth.  To 
this  distance  tbcy  are  mined  with  coupurativo  ease;  but  beyond  they  are  ex- 
tremely hard  and  dlffleolt  to  work. 

4.  Veins  of  dij/'trcut  aijts. — In  tlie  progress  of  the  uplifting  and 
folding  of  a  region  undergoing  metamorpliism,  fissures  formed  at 
one  time  and  filled  would  be  liable  to  be  broken  by  crose-fiasuree 
at  some  sabflequent  time  in  the  epoch  (perhaps  a  following  day, 
week,  or  year),  and  theoe,  agnin,  by  others.  Thus,  a  snooeesion  of 
veiiit4  faulting  one  another  might  be  formed  during  one  epoch  <^ 
distur1).-incc,  and  they  might  difier  in  construction  as  the  bands  in 

a  baiulfd  vein  (liifer. 

Again,  veins  may  be  intersected  and  faulted  by  fissures  formed 
during  subsequent  epodis  of  disturbance. 

It  is  evident,  therefore,  that  a  vein  which  fiuilts  anotiier  does  not 
necessarily  belong  to  a  later  independent  epoch.  When  actuaUy 
later  in  epoch,  it  will  ui^ually  appear  in  the  distribution  of  the  new 
veins  over  a  wide  re^'ion  of  country,  their  general  parallelism  of 
direction,  and  their  wholly  distinct  mineral  composition. 

5.  Flflintj  r,f  amyr)(laln!<hil  rnritSrt. — The  cavities  of  a  lava  or  ipneoos  rock 
(such  a.'  art"  fornn  d  liy  expanding  vapors  while  the  rock  is  liquid)  differ  from 
reiu.>s  in  eixe,  but  not  essentially  in  the  method  by  which  they  are  filled  with 
asinerals.  In  amygdaloids,  these  minerals  are  nsnally  ehlorite,  quarts,  prehnit^ 
dntbolite,  analcime,  or  some  of  the  leoliies,  or  c  ili  ite ;  and  they  often  oocur  in 
Bucee«fivc  layers,  nnalogou*  to  the  layers  of  a  liamlcrl  vein.  They  arc  intro- 
duced by  in&ltrating  waters  which  derive  the  ingredients  mainly  from  the  en« 
elostng  rook  through  tbe  decomposition  of  soom  of  its  minerals.  Quarts  (glassy 
fuarti,  ebaleedony,  ajate,  earnelinn,  ele.)  and  ealeite  are  the  isost  eoBBon  of 
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tlieffe  minerals,  jait  M  they  »n  in  voin<t.  Most  of  the  species  in  amygdaloidal 
earitiea  are  hyiroii!', — nhowing  that  they  were  formed  at  a  murh  lower  tcmi>era- 
ture  than  tho  materials  ul  a  granitic  vein ;  and  aome  of  them  may  pcrbajia  be 
formed  OTea  at  the  ordinary  temperatiifo.  When  toTwrml  ipeeiei  oec«r  in  too* 
oeisivo  layer?  together,  the  uppermost,  or  latest  formed,  nmially  eontain  the 
m<)«t  water  in  their  ci>ii,<if itiitiim, — «ilie:i  nml  eiilcite  excepted,  which  are  not 
hydrous  epecieti,  and  may  occur  at  tho  tup  or  bottom,  or  any  part,  of  tbo  iwria. 

At  PlombiArMi  itt  Fraooe,  the  otntBt  aad  hfiok  of  walli  of  B«Ba&  origin  have 
boeomo  penetvated  in  plaoea  with  MoKfee  throng  tho  action  of  tho  water  of  a 
*  warn  {IW*  to  160^  F.)  miaonl  apriiif  (DanhrCo). 


VI.  MOVEMEiN T6  IN  THE  EARTH  S  CRUST,  AND 

The  topic  under  consideration  in  this  chapter  is  the  origin  of  the 
moTemento  in  the  earth's  cmst  or  mass,  and  the  methods  by  whidi 
their  results  have  been  brought  about.  These  movements  and  their 

oonsequences  include  (1)  Changes  of  position  and  level ;  (2)  Frao 
tures,  faults,  and  structural  peculiarities  produced  in  rocks;  (3) 
Eiirthquakf's  ;  (4)  Evolution  of  tho  earth's  great  outlines  and  reliefs^ 
and  of  the  buccestuve  phases  in  geological  history. 


Fig.  977. 
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1.  CHANGES  OF  POSITION  AND  LEVEL. 

rhances  of  position  may  take  place  either  horixon tally  OfT  ▼erti' 
cnlly,  or  in  both  directions  simultaueously. 

1.  Cmwes  of  obange.  ^ 

Some  causes  of  local  change  luive  already  been  mentioned:— 

1.  The  undermning  qf  strata  by  the 
erodmff  oeiiM  ^  wbtaranem  waters  (p. 

m). 

2.  The  trn;}ht  of  a  mpermeumhcnt 

ma.<i.<t  of  hon:o)ital  ilrjHi.tif.f  nn  irrf  fx-ih 
of'  r'a'i  or  san'l,  producing:  a  lateral 
movement,  and  also  an  «'xtrusion  if 
the  case  admits  of  it  (p.  049). — The 
laminated  day-layers  often  become 
pUeated  by  the  pressure,  while  the 
beds  between  which  they  lie  are 
only  slightly  compacted  or  are  unaltered.  Fiu'.  077  is  a  reduced 
view  of  a  layer  thus  plicated,  from  tlu'  Post-tertiary  of  B<x)nville, 
N.Y.  Yanuxem,  who  mentions  the  facts  in  his  New  Yorlc  Geolo- 


rii.  rifr.)  ( li)tfjr  lajrer. 
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gical  Report  and  fllustrates  them  with  this  and  other  figures,  at> 

tributes  the  plieations  to  latt  ral  pressure  while  the  layer  wsus  in  a 
softer  state  than  tlK)«io  oojitijiuous.  Its  porous  condition  may  liave 
caused  it  to  !-olteu  with  water  more  easily  than  tho^je  above  or  below. 

3.  1^  gravity  of  wet  clayey  or  mndy  heda  what  m  on  weUned  posidmn 
(p.  650).— The  laminated  day-layen  are  often  plieiUed  by  this  means, 
as  V>y  the  preceding;  and  some  plieations  in  metamorpliio  rooks  are  * 
of  this  origin. 

4.  The  u}alrrnun'mij  of  strata  hj/  iv>franic  rjeetionM{p.  099). 
Other  causes  are  either  local  or  general: — 

5.  The  formation^  more  or  leee  tudden^  of  vapors  toilhin  or  beneath  some 
portim  the  earth**  cruet* — Disturbances  in  voloanio  regions  are  in 
part  due  to  this  cause.  When  in  the  uplifting  and  fracturing  of 
the  rocks  by  this  means  they  become  so  wedged  as  not  to  fall  back 
to  their  former  position  on  the  condensation  or  esoape  of  the  gsses, 
a  permanent  elevation  is  occasioned. 

This  cause  may  produce  etibcts  over  limited  areas.  It  is  often  re- 
garded as  a  prominent  means  of  lifting  mountains  and  continents. 
Butmountain-chunsare  heavy,  and  continents  very  heavy ;  and  such 
vapors,  if  formed,  could  at  the  most  only  shake  the  rocky  crust. 
Mount  lin-chains  and  continents  could  not  bo  sustained  long  on  a 
bed  ot'  va]>ors.  For  permanent  elevation,  there  must  V>e  some 
mode  of  holding  them  up  after  the  uplift.  Moreover,  there  is  no 
reason  to  believe  in  the  existence  of  the  cavities  beneath  requisite 
for  the  spread  of  the  vapors. 

over  extendtel  ctreae  e^  the  eofth*M 
tUfface,  producing  a  subsidence  of  the  crust. — Whether  this  is  an 
actual  cause  or  not  in  geolofjical  dynamics,  is  questionable.  The 
great  subsiden*  I  S  of  the  Appalachian  region  have  been  aftrii>uted 
to  it.  But  this  same  Appalachian  region  underwent  oscillations 
upward  as  well  as  downward  ;  and  the  former  require  a  very  differ- 
ent cause.  It  was  finally,  after  long  ages  of  preparation,  the  scene 
of  distutbances  and  foldings  for  a  length  of  1000  miles  and  a 
breadth  of  some  hundreds;  and  these  effects  of  continental  extent 
are  not  results  of  .simi»le  gravitation.  It  is  probable  that  all  the 
oscillations  of  level,  and  tlio  ultimate  plication  of  the  crust  over 
the  great  region,  liave  one  common  cause ;  yet  it  is  not  impossible 
that  gravitation  may  have  been  one  cause  of  the  subridimees. 

7.  Movementi  in  the  interior  Jhade  ef  thefflohe,—lt  the  interior  of  the 
earth  has  been  through  thegeological  ag^in  a  state  of  free  liquidity, 
there  must  have  been  tides  in  the  molten  sea  which,  in  times  of  ex- 
cessive height,  might  have  canse<l  vibrations  of  the  crust;  while  if 
Uie  condition  was  that  of  dense  viscidity,  such  a  result  could  not 
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hA^e  hsppened.  In  neither  case  could  any  permanttit  elevations 

of  the  surface,  or  any  plications  of  tVie  crust,  have  arisen  from 
such  a  cause.  The  rocks  sliow  that  these  jdinitions  havf  been  ex- 
tremely slow  in  progress  (p.  411),  and  not  a  result  of  any  paroxys- 
mal action  in  foroea,  abore,  within*  or  below  the  emafc. 

of  temperature  may  have  acted  in  two  ways : — 

(a.)  By  simple  expansion  and  contraction  of  some  limited  re;2ion 
within  the  earth's  erust,  as  when  heated  from  proximity  to  some 
vole^mi(!  or  other  i^'iieous  source  of  heat.  The  effect  would  be  (Ij 
a  rising  of  the  i^urface,  with  whatever  might  bo  ui>on  it,  with  the 
expansion ;  (2)  a  sinking  of  the  aame  witii  the  subsequent  contne- 
tion  on  oooling;  (3)  a  kteral  action  or  preaanie  on  an  a«yoining 
region  with  the  expansion  (since  it  n  oii]>l  tend  to  take  place  lat»- 
rally  as  well  m  vertically),  i)roducing  horizont.al  movement*  or  dis- 
placements of  small  amount;  (4)  in  some  cases,  on  contnution,  an 
opening  of  cracks  or  fissures,  either  thickly  over  the  wltole  sur- 
fiboe  (as  in  the  case  of  basalt  and  trap  when  divided  into  polygonal 
ocdumns),  or  more  distant  and  of  greater  width.  The  oscillarimia 
of  level  in  the  temple  of  Jupiter  Serapis  and  along  the  a^ioining 
coast  have  been  explained  by  this  method. 

(//.)  Hv  contraetion  froin^»  on  within  the  earth's  interior  Vieneath 
its  solidified  crust.  The  fact  that  this  cause  has  acted  in  tiie  earth's 
past  is  beyond  question  if  the  globe  was  once  in  a  fused  state,  as  is 
generally  supposed  by  geologists.  Since  the  enisi  when  formed 
would  have  the  sixe  which  tiie  globe  at  the  time  had,  all  subsequent 
cooling,  as  it  would  tend  to  diminish  the  interior,  would  bring  a 
slowly-increa-ing  strain  upon  it,  and,  unable  to  accommodat<»  itself 
to  the  changing  size  by  any  process  of  shrinkage,  it  must  do  it 
either  by  fractures  or  plications,  or  both. 

The  effect,  in  a  melted  spheroid,  of  cooling  more  rapidly  at  the 
surfiuie  than  within,  is  illustrated  in  glass  in  a  Prince  Rupwt's  drop. 
The  pressure  of  particle  agunst  particle  orer  the  whole  exteriw  ia 
■o  great  from  the  interior  contraction  that  the  removal  of  a  portion 
of  the  surfiiee-layer  by  a  slight  scratch  of  a  file  destroys  the  equi- 
librium, and  causes  it  to  lnt  ak  instantly,  and  almost  explosively, 
to  fragments.  Another  iauuliar  exami>le  of  contraction  beneath 
any  exterior  coat  is  seen  in  a  drying  apple.  The  exterior,  in  tUa 
case  flexible^  gradually  becomes  wrinkled  from  the  diminution  of 
aise  within ;  and  the  wrinkling  covers  the  whole  surface  alike,  unless 
some  part  be  protected  by  resin  or  otherwbe, — in  whicli  case  the 
largest  wrinkles  would  be  those  about  the  border  of  the  protected 
portion. 
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The  eoHib't  onut  Iisb  ineqaalities  of  Uuckneis  and  texture  di»- 
tribated  probebly  in  Urge  erees;  and  therefiof«»  while  eonfonning 

to  the  principle  cxompliHed,  it  should  present  peculiarities  in  the 
arrangement  of  the  effects  dependent  on  the  distribation  of  thcee 

diverse  aroas. 

The  causo  i<t  one  in  which  the  whole  sphere  has  acted  as  a  unit; 
and  ita  effects  umi^t,  theretore,  be  coextensive  with  its  surface,  but 
differing  in  different  parts. 

The  cause,  moreoTer,  most  hare  continued  in  constant  action  as 
long  as  cooling  continued ;  for  cooling,  howevor  slight,  implies  con- 
traction and  gradually  augmenting  t*  n^ion,  and  an  ultimate  yields 
inp  wlji'n  the  tension  is  too  great  to  ho  longer  resintt^d. 

The  (liroction  in  which  a  force  of  this  kind  nets  is  approximately 
horizontal  within  the  crust,  the  contraction  creating  a  strain  or 
prcisHure  between  every  ac^joining  part  of  it ;  and,  wherever  the  crust 
should  yield  under  the  tension,  some  parts  would  be,  as  a  primary 
eifect,  drawn  downward,  and  others,  as  a  secondary  effect,  pushed 
npward, — the  latter  rising  through  the  lateral  pressure  or  pushing 
action  of  the  subsiding  portion ;  and  fracture  would  succeed  frao- 
ture,  and  thus  one  mass  rise  over  another,  or  else  fold  would  suc- 
ceed fold  in  parallel  ranges,  or  both  fractures  and  folds  would  take 
place  together.  The  results  would  vary  with  the  nature  of  the 
crust  in  the  [>art  raised,  its  condition  at  the  time  as  to  the  presence 
of  moisture  and  heat,  and  the  kind  of  action  in  the  moving  power. 

The  natural  position  of  the  axes  of  the  plications  is  at  rij^t 
angles  to  the  direction  of  the  ]>ri  snire.  But  if  the  force  is  not 
uniform,  and  increases  in  one  direction  or  the  other, — a  very  pro- 
bable condition. —  the  jdieations  would  ^h«)w  it  in  vririatinn«!  a**  tO 
nniiiher,  heif.'lit.  and  })0'~ition.  <'ur\«'^  might  tlnis  r<'sult  ritlier  in 
the  axes  of  the  plications,  or  ill  the  line  of  maximum  eiicct  over  a 
plicated  region. 

2.  Bxamplea  of  effects  under  the  cause  laat  mentioned,  with 

additional  explanations. 

1.  The  efccts  uniirrsaf  over  the  gldhc. — Since  the  developments  with 
regard  to  the  structure  of  (hr  Appalachians,  made  in  the  course  of 
th"  pt'ological  surveys  of  the  Stat<>s  of  Pennsylvania  and  Virginia, 
wrre  first  published  by  the  Prolexors  Hog.  rs  in  1H42,  it  has  been 
found  that  nearly  all  inclined  strata  over  the  globe  are  actually 
portions  of  plicated  strata ;  and  the  general  principles  mentioned 
on  pages  403-407  (which  should  here  be  reviewed  by  the  reader), 
although  deductions  from  tin  ]>•  eial  case  of  the  Appnlachians, 
are^  in  liMt,  universal  principles.  There  is  evidence  everywhere  that 
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the  grander  uplifts  have  been  produced  by  lateral  movement >  of 
the  crust,  and  generally  a  pushing  up  of  the  formations  into  folds. 

In  the  region  of  southtTn  Viririnia  and  northern  Alabama  lli»^re 
is  a  series  of  great  Appuiuchian  fauh.s,  and  successive  portions  of 
the  enut  have  been  pushed  up  along  sloping  faults,  bringing  the 
Lower  Silurian  limestones  to  a  level  with  beds  of  the  Osrboniferons 


Fit.  978. 


Section  of  the  Palmmolc  fmuitioar  of  the  Ap|>aInrhiaM  In  southern  Virginia,  ti^twrpn 
Walker's  Mt-aDd  tb*  P««k  IlilU  (near  Peak  Creek  Vallay):  P,  fault  :  o,  Luwer  biluTMu 
llmMUNM;  bt  Vpper  SUariaa ;  e,  nwnmteB;  d,  8iilMMrboiBifiiroa%  with eoti  todSp 

age  (Subcarboniferousi  period) ;  and  plications  are  a  minor  feature 
of  the  rei^on.  Bnt  more  to  the  north,  in  middle  and  northern 
Virginia,  and  in  Pennsylvania,  there  are  great  folds,  or  synclinal 
and  anticlinal  axes,  with  fewer  great  faults. 

Lesley,  after  explaining  tho  rvlations  of  the  eaHem  or  Bine  Ridfe^  the 

Great  V:ilU"V  next  west,  the  Appnlachinn  or  mi<l<lfr  chain,  an<l  tho  Alleghany  or 
wettt  rn,  !iml  mentioning  that  the  oa«torn  escarpment  of  the  hist,  "  overlooking 
the  Appulaohiaa  ranges  with  their  narrow  parallel  interral-rallejs,  is  the  so- 
ealled  Baekboae  AUegliaay  Mouataia,"  and  sepatatos  the  head-waters  ef 
nearly  all  tho  Atlantic  and  Western  river.-",  observer  that  Now  River,  fai 
soutlicrn  Virginia,  divides  tho  northern  region  of  plications  from  tho  southern 
of  great  faults ;  and  this  river  is  remarkable  for  cutting  through  the  Appalachians, 
and  taking  its  rise  even  as  Ihr  east  as  the  Bine  Udge.  He  adds  eoneemlag  this 
southern  di.'^trict,  "The  Pahrozoic  zone  inrliidotl  between  the  Great  Valley  and 
the  Backbone  escarpment  ix  occupic<l  by  as  many  pairs  of  parallel  mountains 
as  there  are  grout  parallel  faults;  and,  as  these  faults  range  in  straight  lines  at 
nearly  equal  distanees  from  each  other,  these  mountains  ran  with  remarkahle 
uniformity  side  by  side  for  a  hnnrlrcd  or  two  hnadred  miles,  and  are  finally  est 
off  either  by  short  cross-fault«,  or  by  flight  angular  changes  in  the  courses  of 
tho  groat  faults."  This  strip  of  country  is  thirty  to  forty  miles  wide,  and  the 
interrals  between  the  fraetnres  or  faults  are  flrom  Are  to  six  mQes  wide.  All 
have  a  southeast  ilip  :  a  portion  of  the  Carboniferous  formation  forma  the  sooth* 
eastern  brow  of  each,  overlooking  to  tho  southeast  Lower  Silurian  limestone, 
and  resting  on  Devonian  and  Silurian,  which  como  into  view  to  the  northwest. 

Aeeerdiag  to  the  Professors  Rogers,  these  fhnlts  in  southwestern  Virginia, 
which  were  early  described  by  them,  occur  along  tho  axes  of  plicationfl^  fautsnd 
of  in  monoclinal  strata.    (Trans.  Anier.  Assoc.  (3col.  Nat,  p.  494.) 

2.   TVu'  /acts  in  orrnrilnuri'  ti  lth  thr  XHpposrd  nrii/ln. — Tlie  Profe<»S»or8 

Rogers  have  refenxvl  to  waves  in  tho  earth's  liquid  interior  for  an 
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ttcplanation  of  the  facta  mentioned.   Elie  de  Beaumont  and  aome 

othor  g<*<)logists  have  attributed  these  etTccts,  and  especially  the 
elf'vation  of  mountains,  to  tho  contraction  of  u  cooling  globe, — 
the  last  of  tlie  ubove-nicntioiKd  cau.scs;  and  thia  appears  to  be 
the  only  one  adequate  for  the  results. 

The  facts  obaerved  correspond  precisely  with  the  eflfoets  of  the 
cause  mentioned ;  and  it  is  hardly  necessary  for  those  readers  who 
hare  in  mind  the  structure  of  the  Appahushians  as  it  has  been  ex* 
plained,  to  en  tor  liere  into  details.  On  page  410  it  is  shown  that 
the  force  in  th<>  case  of  the  Apjjalachian  region  acted  in  a  direction 
from  the  Atlantic  Ocean, — that  is,  at  right  angles  to  the  axial  direc- 
tion of  the  folds.  It  follows,  therefore,  that  the  subsiding  area 
which  determined  the  formation  of  the  folds  and  the  uplifts  was 
beneath  the  Atlantic  Ocean. 

3.  Flexibif'uy  of  rnrh. — It  is  a  fact  recently  established  that  there 
is  scarc«dy  any  niatrrial  so  soli*l  that  when  in  broad  tabular  masncs 
it  will  not  Ijeconie  flexed  under  a  heavy  pre  ssure  very  gradually 
applied.  By  '*  very  gradually"  should  be  understood  that  degree  of 
extreme  slowness  which  has  so  often  been  exemplified  in  geolo^cal 
history,  and  which  is  the  most  common  of  nature's  methods  of 
progress.  The  rock  or  otlier  solid,  thoiigh  apparently  inflexible, 
will  undergo,  under  sncli  conditions,  a  molecular  movement,  adapt- 
ing it  to  its  new  condition.  Even  brittle  ice,  as  stated  on  j).  (173, 
beconu  s  Hexed  by  its  own  weight  if  a  slab  be  supported  by  only  one 
end.  There  is  no  doubt  that  if  ice  covered  a  lake  to  a  thickness 
of  a  dozen  or  more  feet,  and  a  slowly-accumulating  pressure  to  a 
sufficient  amount  could  be  brought  to  bear  against  one  side  of  it, 
the  ice  might  be  plicated  over  its  surfiu>e  as  boldly  and  numerously 
as  the  formations  of  tlie  Appalacliians, 

Fractures  luive  usually  lucn  producecl  in  the  course  of  the  flexing 
of  tlie  earth's  crust;  a  violent  exertion  of  pressure  under  such  cir- 
cumstances would  naturally  produce  them  on  a  grand  scale;  but 
they  are  not  an  inevitable  result  of  the  process  of  plication.  If  the 
rocks  were  moist, — as  has  l  et  ti  the  case  during  these  uptumings,'— 
the  plication  would  take  j)la<'e  the  more  readily.  If  tliey  wore 
heated  also,  and  if  by  tins  means  they  were  penetrated  by  super- 
hej^ted  water  or  steam,  the  mobility  of  the  particles  would  be  still 
greater,  and  they  might  even  have,  as  observed  on  p.  708,  a  degree 
of  plasticity. 

In  general,  the  arenaceous  and  argillaceous  beds  which  have  been 
folded  were  not  at  the  time  finnly  (  ohm  lidated,  but  derived  their 
consolidation  from  the  heat  which  escaped  from  below  during  the 
progress  of  the  movement,  and  which  was  the  cause  of  metamor- 

47 
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plusm  whoro  the  plicutions  were  most  nuilMiront.  LimeBtone  ifl 
always  in  solid  layers  unh'ss  quito  impure. 

4.  Formation  of  valL  i/s. — The  plication  of  the  earth's  crust  pro- 
daoM  alternating  depreaaions  and  ele?atioiM,  unless  the  folds  are 
pressed  together  into  a  close  mass.  The  depressions  are  ^ndimU 
valleys.  The  minor  valleys  of  this  kind  are  generally  obliterated 
by  subsequent  tlenudation  ;  and  often  oven  the  summits  of  ridges, 
under  this  latter  agency,  may  consist  of  tlie  rocks  of  a  s-yneHnal 
axis.  Besides  syii<  linal  valleys,  there  are  often  also  utotioclinal  \  alley.s 
(p.  72l)J.  in  addition,  there  are  wider  depressions  lying  between 
distant  ranges  of  elevations  which  were  produced  through  a  gentle 
bending  of  the  earth's  crust  (made  np  of  plicated  strata  or  not) ; 
and  these  great  valleys  or  depressions  (like  the  Mississippi  and 
Connecticut  valleys)  may  be  called  <fcocUn>iL  the  inclination  on  which 
they  depend  being  in  the  mass  of  the  crust,  and  not  in  it-N  .ftmfa. 

5.  Eli  vahoH  of  niounUtins. — The  force  engaged  in  producing  the 
great  systems  of  plications  over  the  earth  is  sufficient  for  the  ei^ 
ration  of  mountidns  of  all  heights. 

Mountain-chains  are  not  made  of  igneous  ^eetioiis,  except  ooca- 
sionally  in  some  small  portions. 

They  are  not  a  result  of  the  mere  accumulation  of  a  series  of 
sedimentary  beds;  for,  wben  flie  last  layer  of  such  a  series  is 
laid  down,  the  whole  is  still  under  water,  and  some  force  is  re- 
quired to  raise  them  above  the  ocean,  so  as  to  enUtle  them  to  a 
place  among  the  earth's  mountains.  And  generally  there  aie 
plications  and  metamorphism  attending  upon  such  elevation,  clue, 
directly  or  indirectly,  to  the  same  powerful  agency.  While,  then, 
they  consist  mostly  of  sedimentary  beds,  altered  or  unaltered,  they 
have  been  raised  to  their  places  by  an  adei|uate  force.  Mountains 
lit  ted  by  lateral  pressure  or  tension  within  the  crust  would  be  sup- 
ported as  raised ;  they  would  not  be  resting  on  a  sea  of  unstable 
vapors,  but  would  have  a  solid  basis,— that  by  the  movement  of 
which  they  were  elevated. 

6.  Epochu  of  cl  ration  separated  by  long  intrrvah. — -Mountain-chains 
are  not  the  work  of  the  earlier  perio<ls  of  the  globe  alone,  when,  it 
is  believed,  the  earth's  fires  were  most  active,  but  of  particular 
epochs  in  the  course  of  all  its  ages;  and  the  loftiest  of  the  globe 
received  much  the  larger  part  of  their  altitude  after  the  dose  of 
the  Mesoxoic  era  (p.  503).  Plications  and  disturbances  of  strata, 
and  metamorphism,  have  also  occurred  at  intervals  in  all  ag^  and 
the  two  <et^  of  ]ilienomena  were  partly  cotemporaneotts. 

The  •^peeial  ei^x  hs  of  great  uplifts  ati<l  foldings  in  eastern  North 
America  have  been  shown  to  be — (1)  the  later  part  (or  close  of  the 
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Laurentian  period)  of  the  Azoic  age ;  (2)  probably,  the  close  of  the 
Lower  SUurian,  for  part  of  the  Green  Mountains ;  (3)  the  dose  of  the 
Palnoooic  era,  for  the  greater  part  of  the  Appalachian  region, 
between  Labrador  and  Alabama,  It  appearB,  then,  that  the  ten- 
don within  the  crust  continued  accumula^g  through  long  inter* 
vals,  before  it  reached  that  degree  whirli  was  sufficient  to  bring  on 
an  ejKK'h  of  [ilication.  upUft,  and  nu  tanii)riihisni.  No  one  will 
pretend  to  count  the  thousands  of  centuries  between  the  Azoic  era, 
or  the  dose  of  the  Lower  Silurian,  and  the  close  of  the  Palffiozoic 
era.  In  Europe,  and  probably  in  western  America,  the  intenrab 
were  less;  moreover,  great  uplifts,  plications,  and  metamorphinn 
took  place  in  these  regions  after  Uie  PalfBOsoio;  but  in  every  case 
the  period  during  which  tension  was  nccumulating,  preparatory  for 
the  ei»och  of  disturbance,  was  a  Ion-;  one;  for  the  epochs  of  the 
elevation  of  nuauitains,  even  in  Europe,  ai*e  but  few  in  niuuber  in 
the  whole  course  of  past  tinie. 

7.  OtdUathnt  and  muwr  uplifls. — ^But  during  this  period  of  accu- 
mnhiting  tension  other  and  minor  effects  were  apparent.  OsciUa- 
tions  of  the  crust,  causing  changes  of  level,  were  going  on  unceas- 
ingly, and  they  are  yet  in  progress.  The  alternations  of  level 
through  the  Palieozoic  in  North  America  require  no  other  exi)lana- 
tion.  They  were  part  of  the  indications  of  that  living  and  growing 
for<  e  wliieli  was  to  exhibit  its  grandest  results  after  tiie  Carboni- 
ferous age  had  ended. 

8.  The  water^ine  ^  the  oeean  Sable  to  variatiiontjrcm 

— ^Ab  all  parts  of  the  earth,  oceanic  as  well  as  continental,  must 
have  participated  in  the  changes  of  level,  the  water-level  was  ever 
fluctuating  like  the  land-level ;  and  hence  it  is  not  safe  to  measure 
the  latter  always  by  the  former,  as  is  too  commonly  done.  Many 
of  tlie  apparent  elevations  may  hav<>  lieen  due  to  a  deepening  of 
the  oceanic  basin. — which  lias  nearly  three  times  the  area  of  the 
land  (p.  10), — and  some  of  its  apparent  subsidences  may  have  been 
OMised  by  an  elevation  of  its  bottom.  It  is  probable  that  at  least 
1000  feet  of  the  height  of  the  continents — the  average  height  of 
th«  land  of  the  globe — has  arisen  from  the  increase  in  the  <Ie]>th 
of  the  ocean  which  took  place  during  the  successive  PaUeoatoic^ 
Mesozoic,  and  Ccnozoic  eras. 

0.  Moiintain.<t  snuii/  t/cvafions  rrmiparrJ  u  'dlt  tin'  extnil  o  f  tJir  iflobe. — It 
f»hould  be  remembered,  in  this  connection,  that  mountains  arq 
relatively  to  the  size  of  the  earth  but  little  ridgelets  on  its  surface. 
▲  chain  10,000  feet  high  would  stand  up  only  (me4enth  of  an  mtk 
on  a  globe  110  feet  in  circumference,  or  35  feet  in  diameter, — as 
large  as  many  a  capadous  house ;  and  M«-A«iu£neeflA  ^  an  «mA  would 
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correspond  on  such  a  globe  to  the  mean  height  of  fhe  oontilienta. 
If  the  Rocky  Mountains  on  a  globe  of  this  sizo  were  given  their 
actual  slope  (equal  on  the  east  side  to  two  or  three  feet  in  ^IMX) 
feet  of  length),  they  would  be  hardly  recogniziible.  The  highest 
peaks  of  the  Appalachians  woald  have  a  height  of  only  one-tixtcenik 
of  OA  inek,  and  (be  bigbett  of  tbe  globe,  of  only  lAncHmlAt  of  an  inoh. 
A  change  cf  level  in  the  crust  of  100  feet»  which  mighti  in  the  ear- 
lier geological  ages,  have  lifted  a  largo  part  of  u  continent  out  of 
the  sen.  would  be  represonted  V>y  onc-thnusandth  of  an  v^rh  on  the 
same  globe.  The  movcnK-iits  for  such  effocts  would  relatively, 
therefore,  be  exceedingly  small.  Considering  the  length  of  tirue 
which  must  have  elapsed  nnoe  the  crust  of  the  globe  was  fint  formed 
and  through  which  contraction  has  been  eflboting  its  obanges,  and 
the  vastness  of  the  force  that  would  thus  be  produced  in  the  crust 
of  a  globe  2.'),0(X>  miles  in  circumference,  it  may  ratlier  occasion 
surprise  that  the  highest  summits  stand  only  30,000  feet  above  the 
ocean's  level,  and  less  than  100,000  feet  above  the  lowetit  depths  of 
the  oceanic  basin. 

10.  Oemse*  qf  dewMim  m  a  n^gmm  <As  mim  la  tS^emU  periadi.—Thie 
elevations  and  strike  of  the  rocks  in  northern  New  York,  whidi 
date  from  the  Azoic  age, — the  first  emergence  of  the  Green  Moun- 
tains, dating  from  the  close  of  the  Lower  Silurian, — the  plications, 
elevations,  and  metainorpliism  of  the  larger  part  of  New  England, 
dating  from  the  close  of  the  Paloiozoic  era, — the  formation  of  the 
trap  rid^  of  the  Connecticut  River  valley,  dating  from  the  middle 
liesosoio  era,-^iave  (he  same  general  direction.  The  Mesosoic 
trap  ridgM  and  the  plications  and  uplifts  of  the  Appalachians  in 
Pennsylvania  are  also  nearly  parallel;  and  the  same  is  true  of  the 
corresponding  elevations  in  Virginia.  These  few  examples  are 
sufficient  to  illustrate  the  pi-incipie  stated. 

11.  Courses  qf  elevatums  in  a  region  not  the  tame  tn  ^E^erad  period*. — 
Europe  contafais  many  examples  <tf  this  diversity  of  direction  in 
the  ssme  region:  on  page  533  a  esse  of  this  kind  in  the  Alps  is 
mentioned.  It  seems  natural  that  the  elevating  force  should  vary 
somewhat  its  direction  with  the  progroj^s  of  time,  or,  if  remaining 
the  same,  that  it  should  encounter  a  difference  of  resistance  which 
should  lead  to  a  result  unlike  those  in  former  periods. 

12.  Ctnerm  of  eUocUions  diferent  m  the  same  period. — The  Mesosoic 
trap  ridges  and  sandstone  of  Nova  Scotia  trend  nearly  northeast* 
those  of  the  Connecticut  valley  north -by-east,  those  of  Pennsylvania 
east-northeast,  and  those  of  Virginia  northeast-by-north ;  and  yet 
there  is  every  reason  to  believe  that  they  belong  to  the  same  period 
of  origin.    The  Appalachian  chain  varies  much  in  directions 
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southwest  of  New  York  ;  and  there  is  no  cvideuco  that  this  differ- 
ence i&  attributable  to  a  difference  of  age. 

While  the  plications  of  the  rocks  of  New  England  are  hi  the 
auun  nearly  north-by-east  in  course,  as  shown  by  the  strike  of  the 
rocks,  there  is  a  region  in  southern  Connecticut  where  the  strike  is 
transverse  to  this  direction,  or  parallel  to  Long  Island  and  the 
course  of  the  Appalachians  in  Pennsylvania;  fi*ora  which  it  may  be 
infcrrtMl  that,  cott'inporaneously  with  the  action  of  forces  from  the 
eastward  producing  the  prevailing  plications  of  New  England,  a 
force  was  also  acting  from  the  sonthwsird,  or  at  right  angles  to  its 
southern  coast.  The  complexity  of  directions  in  Uie  White  Koun- 
taans  may  not  be  owing  to  a  difference  of  age»  but  to  the  combined 
aotion  of  forces  from  these  two  directions. 

13.  The  thrnry  here  adoptrd  not  in  the  vmln  hypothi'tical. — In  attri- 
buting; the  plications  of  the  earth's  crn^t  and  t!ie  di  vaticni  of  most 
mountains  to  a  lat<'ral  i)Usliiiig  movouu-iit  or  t(  ii>i(»n  within  the 
crust,  there  is  nothing  that  is  hypotlietical.  The  i^tatement  is  the 
expression  simply  of  a  fihct.  The  conclusion  that  this  tension  is 
due  to  the  contraction  of  a  cooling  globe  has  not  yet  been  ftilly 
established.  It  is  here  adopted  because  no  other  that  is  at  all 
adequate  has  l>een  pre-<  iit<>d.  The  cause  must  have  been  one 
which  wouUl  have  produc<'<l  an  increasin/]^  ammnit  of  tension 
throuL'li  the  passing  periods,  causing  oscillations  of  the  crust  and 
miiK>r  uplifts  in  the  course  of  those  long  jn-riods,  and  then  a 
great  catastrophe,  or  an  epoch  of  plications,  metamorphism,  and 
grander  uplifts,  as  a  result  of  the  great  increase;  then  another 
slow  increase  and  another  catastrophe;  then  others;  and  a  series 
of  similar  but  more  or  less  independent  catastrophes  in  distant 
parts  of  the  globe,  raising,  as  late  as  the  Tertiary  perio<l,  many  of 
the  earth's  frn-at  mountain-chains, — hut  one  which  sliouM  cause 
only  minor  o^cMllations  and  uplifts  in  more  reront  times,  sincu  the 
earth  has  now  a  degree  of  stubility  unusual  in  the  past  ages  (p.  586). 
And  no  cause  answers  to  these  demands,  so  far  as  known,  bat 
the  one  mentioned, — ^the  emiml6im    a  cooling  globe, 

2,  FRACTURES,  FAULTS,  AND  STRUCTURAL  PECULIARITIES. 

1.  Rraeturea* 

The  following  are  some  of  the  causes  of  fractures : — 
1.  Drying  through  the  heat  qf  the  wa,  as  in  the  formatloB  of 
cracks  in  mud  or  earth.i — Such  cracks  are  usually  but  a  few 
inches  deep,— though  uk  the  soil  of  some  prairies  th^  occasionally 
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extend  to  the  depth  of  a  yard  or  more,  end  ere  two  or  three  inehet 

wide  at  top. 

2.  Bakinif  cjrcct  from  the  htat  of  ir/nrom  rjcrdons. — The  adjoining 
rock,  especially  if  urgiilaceous,  is  ottt;n  cracked  into  huiall  culumru 
of  five  or  six  sides,  or  OMwe,  while  et  the  iame  time  hardened. 

8.  Lou  ^  AMt— Contraetion  firom  the  Ums  of  heat  often  pro* 
dnoes  a  reticulation  of  vertioal  4ataeln»  which  are  uraally  too  narrow 
even  for  the  insertion  of  a  knife-blade,  unless  the  rook  contain 
considerable  moi'^t HI  To  this  cause  is  to  be  attributed  the  divi- 
sion of  basalt  or  trap  into  columnar  forms.  (Tho  size  nf  the 
columns  is,  however,  dependent  on  couceutric  crystallization  within 
the  mass,  as  explained  on  p.  98.) 

4.  A  renmal    the  mtpport    roeki  by  mdenmnb^  or  ether  emme* 

5.  Pteutm  ef  a  column  </lijmui  rodk^  as  in  volcanoes. 

6.  Expansive  force  nv^MTv,  etpeeialfy  when  enddenljf  evolved,  em  in 
volranio  ri'irions. 

Thi>  ]irece(liii<j;  are  local  causes  of  fracture.  The  last-mentioned 
is  an  exception  to  this,  according  to  those  geologists  who  attribute 
to  vapors  the  elevation  of  moontains. 

7.  TennoH  within  the  earth*e  eni«£, — the  same  agenty  whidi  hat 
been  explained  on  a  preceding  page  as  the  true  source  of  its  plicae- 
tions  and  of  the  uplifting  of  mountains.  Fractures  have  been 
made,  through  tliis  means,  of  all  extents,  from  tliose  intersecting 
single  layers,  to  profound  breaks  reaching  down  to  regions  of  inter- 
nal fires.  In  the  plication  of  the  rocks,  fractures  are  most  likely 
to  be  produced  along  the  axes  of  the  folds  where  the  fleacnre  is 
greatest, — those  of  the  upward  or  anticlinal  flexure  opening  up> 
ward,  and  those  of  the  downward  or  sym  linal  flexure  opening 
downward.  If  the  latter  extend  throu;:h  to  the  t-urfaee,  they  may 
give  exit  to  melted  rock.  In  i>eriodsof  metamorjihism.  the  lateral 
pressure  causing  the  plications  appears  in  general  to  have  so  closed 
up  the  firaoturea  made,  that  igneous  Sections  were  rare.  It  ia  not 
certain  that  any  took  place  during  tiie  metamorphism  of  the 
Appalachian  region;  though  subsequently,  after  the  rocks  had 
been  stiffened  by  crystallization,  the  sinking  of  the  geoclinal  val- 
leys occupied  by  the  ^fcsozojc  sandstone  formation  gave  origin  to 
a  great  profusion  of  trap  ejections  ([>.  430). 

Direction  of  fraetwe*. — Fractures,  in  a  region  elevated  \tf  any 
method  of  pressure,  tend  to  form,  as  shown  by  Hopkins,  in  a  direc- 
tion at  right  angles  to  the  line  of  greatest  strain  or  pressure,  and 
also,  in  many  cases,  in  a  second  direction  transverse  to  this, 
two  lystenu;,  a  primary  and  a  subordinate. 
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2.  Fanlta. 

The  Boveral  oanaes  whioh  may  prodtioe  fractures  through  layers 
or  strata  may  also  oeuse  tiuilts,  and  the  profounder  the  firaetures 
the  more  extonsive  the  faults  that  may  result. 

In  ironoral.  there  is  a  dropping  clown  of  the  rock  on  one  side  of 

the  fracture  by  gravity;  and,  where  the  fault  is  u  sloping'  one  (as 
in  tig.  078),  the  mju>s  on  the  upper  side  UMnilly  sli<it  s  down  the 
sloping  plane.  But,  under  the  action  of  the  pre.ssiure  which  hwi 
plicated  the  earth's  crust  and  lifted  mountains,  the  reoene  move* 
ment  has  not  been  uncommon.  The  figure  referred  to  is  an  exam- 
ple; and,  by  the  upthrow,  rocks  of  the  Lower  Sihirian  have  been 
carried  up  to  the  U'vel  of  tliose  of  the  Subcarboniferous.  Similar 
faults  may  occur  along  the  axes  of  plications  as  described  by  the 
Frofcbsors  Rogers. 

In  faulting,  there  may  be  either  a  verUcal  or  laUred  slide,  or  an 
•Mujwe  one.  The  inequiUity  of  the  finilted  parts  of  the  veins  reprO' 
sented  in  the  figures  on  page  121  is  accounted  for  on  the  ground 
of  a  lateral  or  oblique  slide. 

The  strata  sometimes  hnvo  a  diffHnat  dip  on  the  sides  of  a  findt  (tgs.  M» 

97).    This  m:\y  nrifc  in  tliflTerent  wnys. 

1.  The  pluno  of  fracture  may  not  have  the  same  slope  in  iU  different  parts, 
M  that  In  eithor  a  Tortiosl  or  lateral  slide  parts  of  naeqiial  dip  are  brongiit 

together. 

'J.  Till'  rucka  may  open  at  the  fault,  and  the  parts  be  adjusted  together  by 
wear  of  tbu  fidca  during  the  downthrow  or  uplift;  and  any  portion  of  the 
flsinre  remaining  open  may  be  filled  by  tlie  mbbish  thus  prodneed. 

3.  Wedge-shaped  plates,  larger  below,  may  eeparste  and  fall,  leaving  the 
rook  either  side  of  the  Teeated  space  to  lie  pressed  together  by  the  lirealdBg- 
force. 

4.  Fraetvree  ooBTorging  downward  may  i^oparate  wedge-shaped  naaies; 
and  the  rock  on  one  side  or  the  other  may  fall  off  some  degree?,  while  the  wedge 
settles  into  iti«  new  pojiition  by  grnvify.  and  adju.xtfd  to  it  by  friction  in  the 
descent.  If  the  rock  to  be  faulted  has  a  coniiidorablo  dip  transverse  to  the  direo- 
tion  of  the  foroe,  lateral  slides  would  be  of  very  eommon  ooonmnoe. 

5.  Plications  and  uplifts  may  take  place,  after  a  profound  fraetnre  in  the 
roeks,  on  one  side  nf  tin-  fViu  fnrc,  and  not  (in  the  other.  The  iibrnjit  transition 
in  many  places  between  the  plicated  region  of  the  Appalachians  and  the 
slightly-tilted  roeks  of  tke  ooutry  northwest  of  them  eaa  have  bo  other  az- 
plaaaUoB. 

3.  Structural  peculiaxlties :  alaty  cleavage  and  jointed 

atxacture. 

1.  Shitif  cleavage. — Slaty  structure  (exomj)hficd  in  figs.  89  to  91,  p. 
101)  haa  been  shown,  by  Sharpe,  Sorby,  Darwin,  and  others,  to  be 
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m  Mtult  of  the  pressure  in  action  daring  ad  uplift.  The  siaAm  are 

transvene  to  the  force.  The  pressure  tends  to  torn  all  pebbloa  or 
particles  so  as  to  place  their  flatter  Hide  in  this  transverse  position, 
and  any  linbblos  prosont  bor^omo  flattened  out  in  the  same  way. 
Again,  in  all  such  action,  iOrro  taking  place  in  o&cillations  would 
tend  to  cau.HO  transverse  lamination. 

Tbe  laminated  struotare  of  ioe  liat  been  explained  by  Tyndall 
on  the  same  principle  (p.* 675).  Tyndall  has  proved  by  experiment 
that  alatj  cleaTage  may  be  piodnoed  by  means  of  pressure  in  white 
wax,  clay,  and  similar  substances,  when  they  are  left  free  to  expand 
in  directions  transverse  to  tlie  pressure. 

Wlion  arpillao<'ous  and  aronacoous  layers  alternate,  the  former 
may  recoivo  the  slaty  structure  and  the  latter  not ;  because  the 
arenaceous  layers,  if  not  too  firmly  solidified,  can  accommodate 
themselves  to  the  new  condition  by  motion  among  their  partially 
adhering  partieles  of  sand ;  if  firmly  oonsolidated,  only  joints  will 
be  produced,  though  in  some  varieties  ihej  may  be  so  numerous  sa 
to  oceasjon  a  coarsely  laminated  struoture. 

2.  Jomti. — Joints  are  due  to  the  same  cause  as  slaty  oleavagSb 
and  may  occur  in  slaty  as  well  as  other  rocks. 

Two  systems  at  right  angles  to  on<'  another  often  result  from 
one  action,  but  that  in  the  Hne  of  movement  is  much  the  least 
distinot. 

Sutu'eetion  to  pressure  from  difibrent  direotions,  in  different 
periods,  would  produce  different  systems  of  joints,  and,  in  slates, 
sometimes  a  new  direetion  of  cleavage. 

8.  EARTHQUAKES. 

1.  0«o«ral  tilmimfeiilalloa.— Earthquakes  are  vibrations  of  the 
earth's  crust.  The  vibrations,  begun  at  a  line  of  fracture^  or  ly 
a  sudden  movement  or  shook  of  whatever  kind,  are  conveyed  in 

the  rocky  crust,  just  as  the  sound  of  a  scratch  at  one  end  of  a  log 
is  carried  to  the  other.  If  the  ear  be  placed  near  the  ice  in 
winter,  it  will  hear  a  crack  made  in  it,  althouL'h  miles  off.  If  the 
earth's  crust  sutler  an  abrui)t  fracture  soniewliere  in  its  tleptlis 
where  tension  has  long  been  increasing  and  .  has  finally  forced  a 
relief^  the  vibration  may  move  <m  through  a  hemisphere,  and  will 
be  almost  regardless  of  the  mountains  on  the  surftoe. 
Earthquakes  are  of  two  kinds 

(1.)  A  simple  vibratory  movement,  without  uiy  peraiaiient  di^ 

placement  of  the  rocks. 
(2.)  A  vibration  accompanying  an  uplift. 
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T)\c  latter  is  far  tho  most  violent,  M  the  ample  impttlae  of 
vi)>nition  has  nn  !i<Mitioiud  onward  progNMion  equivalent  to  the 

uplift  or  (lisi>la<'i'inent. 

Besides  these  wave-movements,  there  are  also,  in  most  cases, 
the  veiy  rapid  wave  which  gives  sound  to  the  ear.  The  sound- 
wave may  be  fdt  before  the  tranaiatioii-wftve,  and  may  travel 
iiurther.  At  the  shook  of  St.  Vincent»  in  1812,  sounds  like  thun^ 
derwere  heard  over  several  thousand  square  miles  in  the  Oaraooas, 
the  plains  of  Calaboso,  and  on  the  banks  of  the  Rio  Ai)nre.  At 
the  Lima  earthfjuakc  in  174(i.  a  suhtornineun  noise,  like  a  thun- 
der-clap, vfaa  lieurd  at  Truxillo,  where  the  earthquake  did  not 
reach. 

The  rate  will  vary  with  the  elasticity  of  the  rode,  and  somewhat^ 
also,  with  the  elevations  over  the  sur&oe. 
2.  Regular  progression  In  earthquakes. — Regular  progre8<>ion 

may  ho  a  usual  fact,  altliouL'li  not  •.'onerally  observed.  Professor 
Rogers  hiw  shown  that  an  («arth(iuake.  on  tlu'  4th  of  January, 
1843,  traverseil  the  United  States  from  iU  northwestern  military 
posts,  beyond  the  l^nissippi,  to  Georgia  and  South  GaroUna,  along 
an  easteoutheast  course,  Natohes  l]ring  on  the  southern  border 
and  Iowa  about  the  northern.  The  rate  of  travel  ascertained  was 
tiiirty-two  to  thirty-four  miles  a  minute. 

?>.  Phenomena  attending  earthquakes. — (1)  Fractures  of  the 
eai  th,  s(»ni«>tiuu's  of  great  extt  iit  ;  (2)  subsith'nees  or  elevations 
of  extended  regions,  and  draining  of  lakes  ;  (.i)  displacement^j  of 
loose  rocks»  and,  where  a  mass  overlies  another  and  is  not  attached 
to  it  by  its  precise  centre,  a  partial  revolution,  resulting  from  an 
onward  impulse ;  (4)  destruction  of  life  in  the  sea,  on  the  same 
principle  tliat  a  blow  on  the  ice  of  a  pond  will  stun  or  kill  the  fish 
in  the  wnt^M'-i  luMicath  ;  (5)  i>ro<lu(  tion  of  foreed  waves  in  the  ocean  ; 
(•))  destruction  of  life  on  the  land.  Destructions  of  cities  and  of 
human  life  have  bei^n  too  often  recounted  tO  need  special  illustrip 
tion  in  this  place. 

The  elevations  that  take  place  are  sometimes  si^oken  of  as 
efects  of  an  eartliquake,  although  not  properly  so.  Vibration  may 
bo  attended  by  fractures  and  uplifts ;  but  these  effects  result  from 
the  cause  that  produces  the  sliaking. 

Some  of  the  elevations  and  subsidences  that  have  attended 
earthquakes  are  mentioned  on  page  S88. 

4.  Barthquake  ooeunlo  wavea  have  been  alluded  to  on  page 
655.  One  or  two  additional  examples  of  their  effects  may  here  be 
added.  In  1765,  accompanying  the  Li-*bon  earthquake,  the  sea 
came  in  in  a  wave  40  feet  high  in  the  Tagus,  60  at  Cadis,  18  on  the 
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sboree  of  Hadeir»i  8  to  10  on  the  ooMt  of  Cornwall.  One  in  1746, 
<m  the  ooast  of  Pera,  deluged  the  aeftiport  Oellao,  and  the  dtj  of 
Lima  seven  niiloK  from  tho  coast,  .sunk  2'.\  v.  --.  is,  and  carried  afri- 

gftto  several  milos  inland.  Two  huiulred  shorks  were  experienced 
in  24  hours,  Tho  ocean  twice  retreated,  to  rusli  in  a  lofty  wave  over 
tho  laud.  The  shock  to  a  vess«d  from  an  fartlnjuako  wave  as  if 
it  hud  received  a  heavy  blow  or.  had  struck  a  rock. 

Aooording  to  Professor  Baobe,  the  ooeanic  waves,  produced  bf 
the  great  earthquake  at  Simoda  (JT^pan)  in  1854»  crossed  the  Pacific, 
and  were  registered,  as  to  their  number,  intervals,  and  forms,  on  the 
8elf>registerin^  tide-gauges  of  the  Coast  Survey  along  the  coast  of 
On'<ron  arul  California:  and  from  the  data  thus  afforded  he  was 
enal>l<-(l  to  calculate  the  mean  depth  of  the  intervening  ocean, 
stated  on  page  12. 

5.  Causes  of  earthquakes. — (1.)  The  tension  and  premare  by  vchiek 
the  great  otdllationa  and  pSeaHont  qf  the  earth* e  enut  have  been  produced.-^ 
The  effects  of  this  tension  have  not  yet  wholly  ceased.  This  is 
probably  the  most  general  cause  of  earthquakes. 

The  uplifting  of  the  formations,  moreover,  must  have  always  left 
the  intf^rior  of  the  crust  in  a  .state  of  uu'-tahle  equilibrium  :  and 
any  incii>ient  slide  in  the  progress  of  time  along  an  old  fracture, 
or  between  tilted  beds,  would  be  attended  by  an  earthquake-shock. 

All  are  familiar  with  the  cracking  sounds  occurring  at  inter> 
vals  in  a  board  floor  of  a  house,  and  arising  iW>m  change  of  tem- 
perature, especially  in  a  room  in  winter  that  is  heated  during 
the  day ;  and  with  the  more  common  sounds  of  similar  character 
from  the  jointed  metallic  pipe  of  a  stove  or  furnace  given  out  after 
a  fire  is  first  made,  or  during  it.s  decline.  In  each  ca.se.  there  is  a 
strain  or  tension  accumulating  for  a  while  from  contraction  or 
expansion,  which  relieves  itself,  finally,  by  a  movement  or  slip 
at  some  point,  though  too  slight  a  one  to  be  perceived ;  and  the 
action  and  effects  are  quite  analogous  to  ihose  connected  with  the 
lighter  kind  of  earthquakes. 

(2.)  Any  cause  of  extensive  fro  Mure  or  nuMMNMM^— M  the  under> 
mining  of  strata,  the  sudden  evolution  of  vapors,  etc 

(.'^.  I  Tidal  tcarrs  in  thr  intemnl  ignimix  matt  rittl  of  the  (jlnbe. — This  hy- 
pothe>is  supposes  the  material  of  tho  interior  to  be  sut^ciently 
liquid  to  have  waves,  and  the  crust  to  be  thin. 

Some  investigations  by  ProfSessor  Alexis  Perrey,  of  D\jon,  Fkanos^ 
seem  to  indicate  that  there  is  a  periodicity  in  earthquakes  synchnv 
nous  with  that  in  the  tides  of  the  ocean, — ^the  greatest  number 
occurring  at  the  season  of  the  high  tides  of  spring  and  autumn, 
if  this  be  sustained  by  further  research,  the  cause  must  be  admitted 
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io  be  a  trae  one.  Ite  sole  eflfect,  however,  maybe  to  determine  the 
ooconrenoe  of  earthquakes  where  another  more  powerftil  Bgtnoy,  as 

that  first  mentioned,  had  prepared  the  conditions  and  made  all 
re^idy  for  the  movement.  If  there  are  int«'i  nul  tides,  and  they  have 
this  much  of  |X)wer,  oartliquakes  woiihl  l>c  most  frequent  at  the 
Bctiu-aiinuiil  pt^riodij  of  the  highest  tides,  an  Profetuior  Perrey  con- 
cludes to  be  the  fact. 

4.  £VOLUTION  OF  THE  EARTH  S  GREAT  OUTLINES  AxND  RE- 
LIEFS,  AND  OF  THE  8UCCE88IVB  PHASES  IN  ITS 

PROGRESS. 

i.  Evolution  of  tue  Eakiu's  Outlines  and  Reliefs. 

1.  Otnend  lawi  a»  to  omaigfemenL 

In  the  diapter  <m  the  General  Features  of  the  Earth  (pp.  9-319), 
it  has  been  shown  that  there  is  a  system  in  the  arrangement  of 
its  reliefs  and  outlines.    Whatever  force,  therefore,  originated  the 

great  mountain-chains  originated  not  merely  independent  moun- 
tains, but  the  system  of  reliefs  of  the  sphere. 

The  general  principles  connected  with  this  system,aniiounced  in 
the  chapter  referred  to,  or  brought  out  in  the  later  pages  of  the 
volume,  are  the  following: — 

L  The  continents  have  mountains  along  th«r  borders,  while  the 
interior  is  relatively  low ;  and  these  border  mountain-chains  often 
consist  of  two  or  three  ranges  elevated  at  different  epochs. 

II.  Tiie  highest  mountain-border  faces  the  largest  ocean,  and 
conversely. 

III.  The  continents  have  their  volcanoes  mainly  on  their  bor- 
ders, the  interior  being  almost  wholly  without  them,  altiiough 
they  were  largely  covered  with  salt  water  from  the  Aioio  age  to  the 
Tertiary.  Also  metamorphic  rocks  later  than  the  Aaoio  are  most 

prevalent  near  the  borders. 

IV.  Nearly  all  of  the  volcanoes  of  a  continent  are  on  that  border 
which  faces  the  largest  ocean. 

V.  The  strata  of  the  continental  borders  ai  e  for  the  most  part 
plicated  on  a  grand  scale,  while  those  of  the  iutenor  are  relatively 
but  Uttle  disturbed. 

VI.  The  successive  changes  of  level  on  coasts,  even  from  the 
Asoio  age  to  the  Tertiary,  have  been  in  general  parallel  to  the 
border  mountain-chains;  as  those  of  the  eastern  United  States, 
IMtrallel  to  the  Appalac  hians,  and  those  of  the  Pacific  side,  as  &r 
as  now  appears,  parallel  to  the  Bocky  Mountains. 
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Vn.  The  oontments  and  ooeaiu  had  their  general  ontlfaie  or 

form  defined  in  eai  liest  time.  This  has  been  proved  with  regard 
to  North  America  from  tho  po-iition  nnd  distribution  of  the  first 
bods  of  the  Lower  Sihuiati. — those  of  the  Potsdam  epoch.  The 
facts  indicate  that  the  continent  of  North  America  had  its  »urtuce 
near  ttde-level,  part  aboYe  and  part  below  it  (p.  196) ;  and  this  will 
probably  be  proved  to  be  the  condition  in  PrimorcUal  time  of  the 
other  continents  also.  And,  if  the  outlines  of  the  oontinenta  were 
marked  wi,  it  follows  that  the  outlines  of  the  ooeana  were  no 
less  so. 

VIII.  The  prevalent  courses  of  coast-lines,  mountain-chains,  and 
groups  of  i.slandii  over  the  globe  are  two,— one  between  the  north* 
east  and  southwest,  and  tiie  other  between  the  northwest  and 
southeast  (p.  30). 

IX.  In  the  courses  of  the  earth's  outlines,  whUe  there  are  two 
prevalent  trends,  there  are  very  commonly  curves: — in  some  cases 
a  liradual  curve,  as  from  K. N.E.  to  N.N.E.,  as  in  the  great  central 
chain  of  the  Pacific,  or  from  N.E.  to  £.  and  then  to  N.N.E.,  as  in 
the  line  fit>m  New  Zealand  to  ICalacca  (p.  32) ;  in  others,  a  series 
of  several  curves,  meeting  one  another  nearly  at  right  uigles,  as 
in  the  island^ranges  oif  the  Asiatic  coast  (p.  36). 

X.  The  earth  towards  or  about  the  equatorial  regions  is  belted 
with  oceanic  waters  separating  ita  northern  and  snuthern  conti- 
nents, passing  through  tlie  East  Intlies,  Red  Sea,  Mediterranean, 
and  West  Indies ;  and  this  region  is  remarkable  for  it^  volcanoes 
(p.  686). 

The  preceding  are  some  of  the  comprehensive  characteristics  of 

tli(^  jrlobe  which  exhibit  the  system  that  pervade  its  physiognomy 
and  illustrate  the  manner  in  which  this  system  was  educed. 

2.  Deduetioru  frtm  the  posiHmu    the  r^/t, 

1.  The  situation  of  the  great  mountain-chains,  mainly  near  the 
borders  of  the  continents,  does  not  indicate  whether  the  elevatiag 
pressure  acted  vrithin  tiie  continental  or  oceanic  part  of  the  earth's 
crust.  But  the  oocurrenec  between  the  principal  range  and  the 
sea-coast  of  tlie  larirer  part  of  the  voleanoes  (and,  therefore,  of  the 
profound  and  widely-opened  fractures)  of  these  borders,  of  the 
most  extensive  metamorphic  areas,  and  the  closest  and  most  niuue> 
reus  plications  of  the  strata,  as  so  well  shown  in  North  America, 
are  sufficient  evidence  that  the  fbroe  acted  most  strongly  from  the 
oceanic  direction. 

2.  The  relation  between  the  extent  of  the  oceans  nnd  the  heicht 
and  volcanic  action,  etc.  of  their  borders  proves  that  the  amount 
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of  force  in  action  had  some  relation  to  the  sixe  and' depth  of  the 
oceanic  basin.  The  Pacific  exIiiUits  its  greatness  in  the  lofty  moon- 
tains  and  volcanoes  which  begirt  it. 

3.  In  sucli  a  movement,  elevation  in  one  part  supposes  necessarily 
subsidence  in  another;  and,  while  the  continental  was  the  part 
of  the  crnst  which  was  elevated,  the  ooeanio  was  the  subsiding 
part. 

The  oscillations,  plications,  and  elevations  alluded  to  began  in 

the  Azoic  age;  hence  the  conclusion  that  the  oceanic  basins  and 
continents  were  early  outlined  is  unavoidable.  The  sinking  of  the 
ocea!i's  bed  and  ilie  rising  of  the  continent.s  were  concurrent  effects 
of  one  cause.  The  raising  of  mountains  reached  its  climax  in  the 
Tertiary  |)eriod :  from  that  time  the  effects  have  declined. 

4.  If,  then,  the  continents  were  from  the  beginning  the  nearly 
stable  areas  (as  appears  also  from  the  absence  of  Toloanoes  from 
their  interior,  while  they  abound  in  the  oceans),  the  pressure  of 
the  subsiding  oceanic  portion  has  acted  iLrainst  the  resisting  mass 
of  the  continents;  and  thus  the  border  In  iw.  t  n  tlu  in  lias  become 
elevated,  plicattjd,  metamoriihosetl,  and  enilM)sscd  with  volcanoes. 

5.  The  position  of  the  Urals  between  Europe  and  Asia  is  in 
aooordaoce  with  the  theory ;  for  in  a  continent  so  broad  from  east 
to  west  as  the  Orient^  the  tension  and  movements  within  the  conti- 
nental  crust  would  naturally  occadon  some  devations. 

C).  While  the  Alps  may  have  been  elevated  by  the  tension  within 
the  oceanic  crust,  the  Juras  appear  to  have  been  a  reacting  effect 
of  elevation  in  the  region  of  tlio  Alps;  for  the  plications  are  most 
numerous  towards  the  Alps,  instead  of  towards  the  ocean. 

7.  The  cause  of  this  tension  and  pressure  within  the  crust  has 
been  attributed,  on  a  former  page,  to  the  secular  refrigeration  of 
the  globe.  No  other  cause  presents  itself  that  can  comprehend  in 
its  action  the  whole  globe  and  all  time. 

The  universality  of  this  cause  is  also  exhibited  in  the  cotempo- 
raneousness  of  even  some  of  the  minor  oscillations  of  the  surface 
of  different  continents, — Jis,  for  example,  the  condition  of  submer- 
gence in  Europe  and  Americii  preceding  the  Coal  period,  which 
iavored  the  formation  of  the  Subcarboniferous  limestone  on  both ; 
the  oonditi<m  of  progressing  emergence  required  for  the  succeed- 
ing Millstone  grit;  and  then  that  of  the  general,  though  slight, 
emergence  requisite  for  the  Coal  period  itself  (p.  394). 

It  has  been  shown  (p.  569)  that  after  the  Tertiary  period  the 
iv'^tcm  of  oscillations  of  the  earth  clianged  to  a  liigh-latitudc  sys- 
tem, both  in  the  northern  and  southern  liemispheres.  This,  again, 
exhibits  the  comprehensiveness  of  the  great  cause.    It  is  probable 
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that  these  transverse  or  latitudinal  oscillations,  while  most  promi- 
nent in  the  higher  JiatituUes,  also  had  their  lower-latitude  effects ; 
that  they  resulted  in  deepening  the  transverse  seas  that  divide  the 
northern  and  soafhera  ccmtioents.  For  the  ocourrenoe  of  Fott- 
tertiary  eaimals  on  Skilj,  Malta*  and  Goio^  in  the  Keditenranean, 
similar- to  those  of  Africa,  is  strong  testimony,  as  some  writers  have 
observefl.  that  these  islands  were  joined  to  the  niainland  on  the 
south  even  in  the  last  period  of  /zeolngical  history,  when  the  Age 
of  Man  was  opening.  The  barrier  coral  reefs  and  coral  i?landi»  of  * 
the  East  and  West  Indies  indicate  as  recent  depressions  in  those 
intercontinental  seas.  Even  the  origin  of  the  British  Channd, 
as  some  have  thought,  may  be  of  the  same  period,  if  the  identity 
of  European  and  British  Post-tertiary  mammals  is  not  to  be  ex- 
plained  by  indepond^nt  creations  in  the  now  disjoined  land-. 
Muit'ovrr.  tlu'  Pacific  Ocean,  witiiin  the  tropics^  has  registers  of 
subjiidunce  all  over  it,  iu  its  coral  islands. 

3.  JkduetioM  /rem  the  oontnu  ^  the  reUtfs  and  outlines. 

The  prevalent  northeast  and  northwest  courses  of  trends,  the 

ctn-ves  in  the  lines  varying  the  direction  from  these  courses,  and  the 
depcndcni-e  of  the  outlines  and  feature-lines  of  the  continents  and 
oceanic  lands  upon  these  courses,  are  the  profoundest  evidence  of 
unity  of  development  in  the  earth.  Suoh  lines  of  uplift  are  lines 
of  fVaeture,  or  lines  of  weakest  cohesion ;  and  therefore,  like  the 
courses  of  cleavage  in  crystals,  they  show  by  their  prevalence  some 
traces  of  a  cleavage-structure  in  the  earth, — in  other  words,  a  ten- 
dency to  break  in  two  transverse  directions  rather  than  others. 

8uch  a  cleavage-structure  would  follow  from  the  nature  of  the 
earth's  crust.  The  crust  has  thickened  by  oooliug  until  now  scores 
of  miles  through,  and  very  much  as  ice  tiiiokens,—- by  additions  to 
its  lower  surflRce.  Ice  takes  on  a  columnar  structure,  perpendi- 
cular to  the  surftce,  in  the  process,  so  as  often  to  break  into  columns 
on  slow  moltinL'.  Tlie  earth's  crust  contains  as  its  principal  ingre- 
dient the  r1.  a\al»le  mineral  fchlspar;  and  as  t)ie  crystals  of  this 
mineral  usually  take  a  parallel  position  in  a  granite,  so  that  the 
granite  of  a  quarry  has  its  directions  of  easiest  fiacture,  so  it  mi|^i 
be  in  the  cooling  crust.  This  appears  the  more  probable  when  it 
is  conndwed  with  what  extreme  slowness  the  thickening  of  the 
crust  has  gone  on,  and  the  immeasurable  length  of  tame  it  has 
occupied. 

Tliere  are  three  elements  at  the  basis  of  the  earth's  features. 
Firsts  a  gcwpraphiail  one, — the  positions  and  extent  of  the  con* 
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finents,  or  c<»npAnitively  stable  aress,  in  relation  to  the  occant,  or 

mort'  snhmMing  areas :  the  second,  structural, — the  system  of  cleavage- 
structiu'L-  ;  the  third,  difuainkal, — the  tension  in  the  crust  itself  aoctt* 
muluting  most  through  the  Bubsiding  of  tiie  oceanic  bo^tins. 

The  features  of  the  oceanic  basins  and  tlie  position  of  the  con- 
tinenta  determine  the  general  bearing  of  the  tension;  and  the 
deavage^tructure,  or  courses  of  weakest  coherion,  tends  to  give 
direction  to  its  effects.  The  North  Atlantic  follows  one  of  the 
deavape-coursos,  the  Pacific  nnother  fpnfie3«i);  North  America  is 
boundod  liy  th<-  two.  and  hence  iUi  triangular  form.  8ee,  further, 
on  thesio  lines,  pages  30  to  39. 

The  courses  of  tiie  rents  or  uplifts  in  such  a  crust  will  depend 
on  the  direction  of  the  tension  in  connecUon  with  the  cleavage] 
Just  as  in  a  piece  of  cloth  the  rents  from  Stretching  it  will  vary 
with  the  direction  of  the  force. 

Force  exerted  at  right  an;:li's  to  the  lin<»s  of  strtiofur(\  and  tHiual 
along  the  lint-,  would  produce  a  straight  series  ol  rents  or  uplifts 
(tigs.  11,  12,  p.  I'J). 

If  not  equal  along  a  given  line,  the  rents  might  together  make 
an  oblique  or  curving  series  (figs.  14, 15,  p.  19).  If  the  tension  were 
oblique  to  the  struotnreH^ourses,  the  series  of  rents  would  be  oblique, 
and,  as  ahove,  either  straight  or  curved. 

Hence  nirvrs  are  nere>isiuily  in  tlie  sy>l<'in. 

The  coiiii  iilence  between  the  trend  of  the  Taeitie  (northwest  and 
southeast),  the  mean  trend  of  the  Pacific  islands  (p.  34),  and  the 
axis  of  the  coral-island  subsidence  (p.  587),  shows  that  the  ocean 
in  its  movements  has  been  one  great  area  of  oscillation.  The  cen- 
tral curving  range,  6000  miles  long,  lies  on  the  southern  ud(>of  the 
axis  of  this  great  approximately  elliptical  area.  The  tensioji  in  this 
subsiding  area  it^<'lt' ai>i»ears  here  to  be  tin'  cauM'  ol'  the  lom.'  <  urve. 

The  double  or  triple  Kystem  of  curves  around  Australia,  from 
Kew  Hebrides,  or  perhaps  northern  New  Zealand,  to  New  Guinea 
and  Timor,  are  such  as  might  arise  from  the  Pacific  tension,  acting 
against  that  stable  continental  area  of  Australia  ;  for  tli<y  ar<>  con- 
centric with  it;  and  the  branch  of  the  central  Pacific  chain  leading 
off  westward  tljrongh  the  Tarolines  has  >)een  shown,  on  pat'c  34,  to 
conform  to  thi>  .Vustralian  system.  The  rising  curve  Ironi  Java, 
through  Sumatra,  suggests  that  here  the  oceanic  basin  on  the  other 
side  of  Australia  (the  Indian  Ocean)  has  brought  tension  to  bear 
ai^nst  the  Asiatic  continental  area;  and  this  is  fhrther  confirmed 
by  the  fact  that  the  deep-water  channel  separating  the  Austndian 
seas  from  the  Asiatic  passes  just  north  of  New  Guinea  and  Timor 
and  south  of  Java. 
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The  Ea-t  Indian  Arcliipelago  lies  botwoon  the  North  Pacific  Mid 
the  Indiim  ( ku-an  ;  and  the  two.  alon;;  w  itli  llie  reacting  stable  con- 
tinental areas,  have  together  modelled  out  the  group.  Tlie  West 
Indian  Archipelago  has  a  simikur  position  between  the  North  At- 
Iftntio  and  tlie  South  Pttcifio»  and  henoe  the  rMomblanoea  to  the 
Saat  Indian  pointed  oat  on  page  37. 

The  curvet  along  eastern  Aaia,  in  the  islands  and  eontinentel 
mountain-ranges  (page  36),  socm  to  show  that  the  tension  acrOM 
the  Pai  ilie  area,  which  produced  tlie  curves,  was  unefjual  along 
ditierent  lined.  The  coursea  and  pobitioub  oi  the  grouj^.s  (*t  Pacific 
islands  prove  that  the  bottom  has  ita  ranges  of  southeast  and 
northwest  elevations  and  defMressiona,  ciossmg  the  ooeen ;  and  this 
would  occasion  the  unequal  tension  required. 

Between  the  directions  of  the  structure-lines  and  the  directions 
of  the  acting  force,  as  determined  by  the  oceanic  and  continental 
art  iis,  the  origin  of  tlie  prevalent  trend.s  and  of  their  irei^uent 
curving  courses  may  therefore  be  explained. 

4.  AppUeation  to  Xorth  Ameriea. 

The  geological  progress  of  North  AmerioawMan  evolution  of  a 
continent  under  the  two  great  systems  of  forces,  the  Atlantic  and 
the  Pacific.  The  Appalachians,  witli  their  many  folds,  are  a  proof 
of  the  reality  of  the  former;  and  the  Rocky  Alountains,  with  their 
parallel  ranges,— the  great  volcanic  ohahi  and  8iem  Nevada  near 
the  ooaatk  the  doable  crest  about  the  tummita,  and  other  tanges 
across  an  area  one  thousand  miles  in  breadth, — are  equally  a  pntoi 
of  the  reality  and  vast  power  of  the  latter.  The  Azoic  land  from 
Lake  Sujjerior  to  the  Arctic  was  the  result  of  an  Azoic  action  of  the 
Pacific  force;  and  that  from  Lake  Superior  to  Labrador,  of  the  At- 
lantic force.  This,  as  shown  on  page  13(>,  was  the  Azoic  nucleus, 
from  which  the  growth  went  onward,inain]y  through  the  oaeillating 
energiea  to  the  loutheaat  and  southweat.  This  fixed  the  position 
of  Hudson's  Bay,  for  it  is  between  the  arms  of  the  V.  This  enlarged 
the  continent  to  the  southeast  and  southwest,  spreading  out  the 
strata  under  the  oscillations  occasioned,  finally  doubling  the  V  by 
addijig  the  Appalachians  and  the  Kocky  Mountains,  aud  tripling 
it  later  on  the  west  by  the  Cascade  and  other  ranges. 

Effects  of  the  meeUng  and  crossing  of  the  two  liMfoeB  over  North 
America,  that  ftom  the  southeast  and  that  from  the  southwest,  are 
seen  in  the  line  of  the  Illinois  uplifts  and  Florida  (pp.  320,  531),  of 
the  latter  system,  intersecting  the  A|»palachiun  chain  in  eastern  Ten- 
nessee.  The  area  of  the  uplifted  Lower  Silurian  about  Cincinnati 
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is  intennediaie  between  the  two ;  and  it  is  interetting  to  observe 
that  its  distance  from  tlic  small  Atlantic  ifl  500  miles,  firom  the  great 

Pacific  2fMX) ;  a  ratio  of  1 :  4. 

The  Azoic  iiurlcusot"  North  America,  sproading  snuthwanl,  formed 
a  peninsula  in  northern  New  York.  Even  this  bond  in  the  nucleus 
continues  in  the  finished  continont,  for  New  England  has  the  same 
outline.  Its  east  and  south  coast-lines  are  but  a  repetition  of  the 
east  and  south  coast-lines  of  the  old  Axoio  peninsula.  This  exact 
copying  of  the  nuch'us  by  the  growing  continent  proves,  better 
than  nil  othi-r  evidi'nc*',  the  graiul  fact  that  the  progress  has  been 
thrtni^'h  (>-;(  ill;iting  ffH-c'  S  acting  against  the  stable  Azoic  nurb-us. 
and  uLo  that  the  system  ot  evolution  has  been  under  profound 
law. 

2.  OlIOIN  Of  TAB  SVCCBMITK  PhaSU  IK  TBI  EaHTH'S  PsOGRSSS. 

1.  Bpooha.— The  epochs  in  geological  history  were  marked  1^ 
transitions  in  the  strata  and  by  more  or  b  -^s  complete  extermina- 
tions of  life.  These  transitions,  as  has  been  alrt»ady  explained  (p. 
39b),  were  directly  connected  with  oscillations  in  the  water-level 
about  the  continental  areas ;  and  this  water-level  was  changed  by 
elevations  and  subsidences  either  in  the  continental  or  the  oceanic 
portion  of  the  crust,  octho  two  united  (p.  723).  Violent  paroxys* 
mal  uplifts  and  downthrows,  and  also  etlusions  of  heat,  were  among 
the  events  here  included,  as  well  as  the  gentler  changes  of  level 
that  were  barely  apparent  with  the  passing  of  a  century.  But  far 
the  larger  part  even  of  the  seemingly  abrupt  transitions  required 
only  the  latter. 

The  succession  of  epochs  in  history  and  the  development  of  the 
earth's  features,  were^  therefore,  concomitant  results  in  the  same 
plan  of  evolution. 

2.  Climate. — Three  causes  have  been  presented  to  account  for 
the  cooling  of  the  climate  of  the  globe  in  past  time : — 

1.  The  deentmng  dmuHly  and  domUnui  ^  the  oAnospAere,  throu|^  a 
diminution  of  the  pm^rtion  of  carbonic  acid  and  mcMsture. 

2.  The  increa.-'n'j  <.rtent  and  hfight  of  the  land, 

3.  7Vt''  .si  ivdar  refrigeration  of  the  globe. 

Two  other  supjiosed  c  ans(  s  are  sometimes  brought  forward: — 

4.  A  change  in  the  curih'.s  jxUes. — Such  an  event  would  only  change 
the  location  of  the  frigid  zone  or  polar  climate.  When  it  has  been 
proved  that  there  was  a  pohur  climate  anywhere  in  the  Paloosoio 
ages,  and  what  its  location  was,  it  will  be  soon  enough  to  arrange 
this  among  possible  causes.    Astronomers  deny  its  possibility. 

5.  A  pamng  <^  the  earth  throvgh  warm  rcffiona  in  epa^  during  its  earlier 
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<ra».— This  €MS6  it  lo  fur  within  th6  region  of  the  hypothotieil  m 
hardly  to  merit  consideration  until  all  others  admitting  of  inTeefi- 

gation  have  been  proved  insufficient. 

Tho  first  of  thcso  causes  is  beyond  doubt  a  roal  one:  yet  its 
effects  imist  have  hcvn  too  small,  csju^rially  after  the  Carboniferous 
age,  to  liave  produced  tho  whole  amount  of  change  which  took 
place. 

The  second  is  also  of  undoubted  yalne,  as  explained  on  page  45. 

To  appreciate  its  influence,  it  is  necessary  to  suppose  the  easting 
globe  with  its  climates  changed  in  its  lands.  For  example,  to  pro* 
duc«^  tho  climate  of  tho  Coal  period,  the  amount  of  land  should  be 
redurt'fl  one-half  in  area,  far  the  larger  part  of  this  be  brought 
nearly  to  the  ocean's  level,  all  the  highest  mouutuiiis  be  lowered 
or  levelled,  and  the  greatest  elevations  made  not  to  exceed  6000  or 
8000  fiset,  and  then  to  be  of  comparatively  limited  extent. 

Tlio  Polar  lands  were  in  existenco,  ns  the  coal  fields  show,  but 
may  have  been  comparatively  small.  Facts  seem  to  prove  that 
such  changes  might  reduce  the  higher  latitudes  to  the  condition 
of  Fuegia.  But  Fuegia  has  alpine  plants  within  one  thousand  feet 
of  the  sea,  and  a  mean  temperature  but  little  above  freesing.  The 
result  is  still  not  what  the  ftusts  require ;  for  there  is  no  reason  to 
believe  that  there  was  any  alpine  or  sub-Mgid  v^tation  at  Melville 
Island,  or  that  the  plants  differed  essentially  from  those  of  Penn> 
sylvania.  Tliis  warm  climate  of  the  poles  was  harflly  less  striking 
in  the  middle  Mesozoic.  For,  while  Reptiles  are  especially  oharao- 
teristic  of  the  tropics,  there  were  Ichthyosaurs  and  Teleosaurs  in 
the  Arctic.  Sir  Edward  Belcher  found  an  lohthyosaur  on  Ezmonth 
Ishmd,  in  Uttitude  77"  16^  N.  and  longitude  W  W.,  570  feet  above 
the  present  sea-level ;  and  Captain  Sherard  Osborn  found  two  bones 
of  a  species  allied  to  the  Teh  osaur  on  BathuTst  Island,  in  latitude 
76°  22'  X.  and  longitude  104°  W. 

The  third  cause  mentioned  has  unquestionably  acted  in  the 
earth's  history,  if  the  globe  was  once  in  igneous  fusion.  But  it 
may  well  be  questioned  whethw  by  the  commencement  of  the 
SOurian  age  tiie  crust  had  not  attsined  a  thickness  whidi  would 
have  rendered  the  internal  fires  no  longer  a  source  of  heat  fer  the 
earth's  surface.  That  the  heat  issuing  through  tho  crust  was  so 
great  at  the  poles  in  tlio  Carboniferous  age  as  to  rai^e  the  mean 
temjM-rature,  >»y  radiatioTi  into  the  atmosphere,  from  40°  F.  to  OU*  F. 
(the  climate  probably  rc4uircd  for  the  vegetation  of  the  era),  is  not 
true ;  for  the  same  amount  of  change  in  the  temperate  and  tro> 
pical  sones  would  have  rendered  them  uninhabitable  by  most  plants 
find  animals.  But  some  few  degrees  of  heat  may  have  been  received 
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by  the  wakn  ^  the  ocean,— espeoially  if  the  crust  be&«ath  the 
ocean  were  originally  thinner  than  the  continental  portion,  as  raaij 
be  inferre<l  iroiii  its  being  the  portion  which  subsided  most  during 
the  earth's  coatiuction.  A  Hmall  change  in  the  ocean  would  have 
produced  great  effects  over  the  globe,  through  the  oceanic  currents. 

The  cooling  of  the  climate  of  the  earth  is  probably  due  to  ail 
tliTee  of  these  oausea ;  but  the  exact  eflbot  of  each  in  bringing 
•bout  the  lesultk  it  ui  impoflnble^  in  the  present  itate  of  soienoe,  to 
eaftiniate. 

3.  Prosrees  In  the  earth  accords  with  the  universal  law  of 

development. — The  general  law  at  the  basis  of  all  development  is 
btrikingly  exhibitod  in  th{>  eartli's  physical  progress,  as  has  been 
well  shown  by  ^ruyot.  The  law  is  simply  this: — Unity  evolving 
multii>Ucity  of  parts  through  successive  individualizations,  proceed- 
ing from  the  more  ftmdamental  <mward  (see  page  599). 

The  earth  in  igneous  fusion  had  no  more  distinclion  of  parts 
than  a  germ.-  Afterwards,  the  continents,  while  still  beneath  the 
waters,  began  to  take  shape.  Then,  as  the  seas  deepened,  the  first 
dry  land  appeared,  low,  barren,  and  lifeless.  Under  slow  intestine 
movements  and  the  concurrent  action  of  the  enveloping  waters, 
the  dry  land  expanded,  strata  formed,  and,  as  these  processes 
went  oUf  moontains  by  degrees  roee,  each  in  its  appointed  place. 
Finally,  in  the  last  stage  of  the  development,  the  Alps,  Pyrenees, 
and  other  heights  received  their  migestic  dimensions,  and  the  con- 
tinents were  finished  to  their  very  borders. 

Again,  as  to  the  history  of  fresh  waters.  The  first  waters  were 
all  salt,  and  the  oceans  one,  the  waters  sweeping  around  the 
sphere  in  an  almost  unbroken  tide.  FroHh  waters  left  their  mark 
only  in  a  rain-tlrop  impression.  Then  the  rising  lands  commenced 
to  mark  out  the  great  seas,  and  the  incipient  continents  were  at 
times  spread  with  fresh-miter  marshes,  into  which  rills  were  flowing 
from  the  slopes  around.  As  the  mountains  enlarged,  the  rills 
changed  to  rivers,  till  at  last  the  rivers  also  were  of  majestic  ex- 
tent, and  the  continents  were  throughout  covered  with  streams 
at  work  channelling  mountains,  spreading  out  plains,  opening  lines 
of  communication,  and  distributing  fertility  everywhere. 

Again,  the  lirst  climates  were  all  tropical.  But,  when  mountains 
and  streams  were  attaining  their  growth,  a  diversity  of  climate 
(essential  to  the  fiill  strength  of  the  latter)  was  gradtudly  evolved, 
unto  winter  had  settled  about  the  poles  as  well  as  the  earth's 
loftier  summits,  leaving  only  a  limited  sone— and  that  with  many 
variations — to  porpctual  summer. 

The  organic  history  of  the  earth,  from  its  primal  simplicity  to 
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the  final  dhrenity,  has  been  dboim  to  exemplify  in  menj  ways  the 
Mme  greet  prindple. 

Thus  the  earth's  fsetiares  and  functions  were  sucoeeahrely  inditri- 
duiilizod. — first  the  more  fundamental  cjualilies  being  evolved,  and 
finally  those  myriad  det-ails  in  which  its  special  characteristic.^^,  its 
magnificent  perl'ection,  and  its  great  purpose  of  existence  and  fit- 
ness for  duty,  largely  oonaiet* 

Omehuwu^ThB  catuee  of  the  earth's  mo^ementB  which  hate 
been  considered  appear  to  explain  the  evolution  of  the  prominent 
features  of  the  globe ;  and  the  special  history  made'out  for  North 
America  may  be  safely  regarded  as  an  example  of  what  will  hen> 
after  be  accomplislied  for  all  the  continents. 

But  Geology,  while  reaching  so  deeply  into  the  origin  of  things, 
leares  wholly  unexplained  the  oreataon  <rf  matter,  life,  and  spirit, 
and  that  spiiitnal  element  which  penrades  the  whole  history  like  a 
prophecy,  becoming  more  and  more  clearly  pronounced  with  the 
progressing  ages,  and  having  its  consummation  and  fulfilment  in 
Man.  It  gives  no  cause  for  the  arrangement  of  tlie  continents 
together  in  one  hemisphere  (p.  10)  and  mainly  in  the  same  tem- 
perate zone,  or  their  situation  about  the  narrow  Atlantic,  with  the 
barrier-mountains  in  the  remote  west  of  America  and  in  the  remote 
east  of  Europe  and  Asia,  thus  gathering  the  civilised  world  into  one 
vast  arena  (p.  29) ;  it  does  not  account  for  the  oceans  having  that 
exact  relation  in  extent  and  depth  to  the  land  whicli,  under  all 
tlie  changes,  allowed  of  submergence  and  emergence  through  small 
oscillations  of  the  crust,  and  hence  permitted  the  spreading  out 
of  sandstones  and  shales  by  the  waves  and  ouivents,  the  building 
up  of  limestones  throui^  animal  life,  and  the  acoumu]ati<m  of  coal 
beds  through  the  growth  of  plants, — and  all  in  numberless  alterna- 
tions; nor  for  the  variou>*  adaptations  of  the  system  of  jjlants  and 
animals  to  the  wants  of  tin*  last  species  in  that  system.  Through 
the  whole  iiistory  of  the  globe  there  was  a  shaping,  provisioning. 


and  exalting  of  the  earth  with  reference  to  a  being  of  mind,  to  be 
sustained,  educated,  exalted.  This  Is  the  spiritual  element  in  geo> 
logical  histoiy,  finr  which  attnwtion,  waiter,  and  fire  ha?e  no  ex- 
planatiftn. 
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Tn  fdenoe  of  eosnu^cmy  treats  of  the  history  of  creation. 

Geology  oompriset  that  later  portion  of  tho  history  which  is 
within  the  range  of  direct  invci^tigation,  hoginning  with  the  rock- 
covorfKl  globe,  and  gathering  only  a  few  hinta  as  to  a  previous  state 

of  igneous  fluidity. 

Tlirough  Astronomy  our  knowledge  of  this  earlier  state  becomes 
less  doubtful,  and  we  even  discover  evidence  of  a  period  still  more 
remote.  Asoertuning  thence  that  the  sun  of  our  ^stem  is  in 
Intense  ignition*  that  the  moon,  the  earth's  satellite,  was  once  a 
globe  of  fire,  but  is  now  cooUhI  and  covered  with  extinct  craters, 
and  that  space  is  filled  with  burning  suns, — and  learning  also  from 
physieal  science  that  all  heated  hoflies  in  sjuiee  must  have  been 
losing  Jieait  through  pa.st  time,  tin-  smallest  most  ra})idly, — we  snfely 
conclude  that  the  earth  has  passed  through  a  stage  of  igueous 
fluidity. 

Again,  as  to  the  remoter  period  t  the  forms  of  the  nehuUs  and 
of  other  starry  systems  in  the  heavens,  and  the  relations  which 
snbsist  between  the  spheres  in  our  own  system,  have  been  found  to 
be  sticli  as  would  have  resulted  if  the  whole  universe  had  been 
evolved  from  an  original  nebula  or  gaseous  fluid.  It  is  not  neees- 
hary  for  the  strength  of  this  argument  that  any  f)ortion  of  the 
primal  nebula  shouhl  exist  now  at  this  late  period  in  tho  history  of 
the  universe :  it  is  only  what  might  have  been  expected  that  tho 
nebuln  of  the  present  heavens  should  be  turning  out  to  be  dusters 
of  stars.  If,  then,  this  nebular  theory  be  trae,  the  universe  has 
been  developed  from  a  primal  unit,  and  the  earth  is  one  of  the 
individual  orbs  produced  in  the  course  of  its  evolution.  Its  1ns- 
torj'  is  in  kind  like  that  whieh  has  been  (leeiphered  with  regard  to 
the  earth:  it  only  carries  the  action  of  physical  forces,  under  a 
•    sustaining  and  directing  hand,  further  back  in  time. 

The  science  also  of  Chemistry  is<aiding  in  the  study  of  the  earth's 
earliest  development,  and  is  preparing  itself  to  writo  a  history  of 
the  various  changes  which  should  have  taken  place  among  the 
elements  from  the  first  commencement  of  combinaUon  to  the 
formation  of  the  solid  crust  of  our  ;.'lo)>e. 

It  is  not  proposed  to  entor  either  into  chemical  or  astronomical 
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details  in  this  plane,  but,  supposing  the  nebular  theory  to  be  true, 
briefly  to  mention  the  great  stages  of  progi  oHs  in  the  history  of  the 
earth,  or  those  sucoeflsive  periods  which  stand  out  nrominently  in 
time  through  the  exhibitioa  of  some  new  idea  in  the  gnad  efstem 
of  progress.  The  views  heve  offered,  and  the  foUomng  on  the  ooe- 
mogony  of  the  Bible,  are  essmitially  those  brought  out  by  ^rofeasor 
Guyot  in  his  lectures. 

Stages  of  progress. — These  stages  of  progress  are  as  follow: — 

(1.)  The  liEuiNMNG  OF  ACTiviTV  IN  MATTER. — In  8uch  a  beginning 
from  matter  in  the  state  of  a  gaseous  fluid  the  activity  would  be 
intense,  and  it  would  showitself  at  onoe  by  a  manifestattioii  of  lights 
since  li^t  is  a  resultant  of  molecular  activity.  ▲  flash  of  li^ 
tlirough  the  universe  would  therdiMre  be  the  first  annonnoement 
of  the  work  begun. 

(2.)  The  (Inr/opmrnf  of  the  earth. — A  dividing  and  subdividiiis:  of 
the  original  tiuid  going  on  would  have  evolved  systems  of  various) 
grades,  and  ultimately  the  orbs  of  spaoe,  among  these  the  earth, 
an  igneous  sphere  enveloped  In  victors. 

(3.)  The  produeHon  ^ the  bamb's  physical  features, — by  tho  out' 
lining  of  the  continents  and  oceans.  The  condensiVile  vapors  would 
have  gradually  settled  upon  the  earth  ad  cooling  progressed. 

(4.)  The  introduction  of  Life  under  its  simplest  jnnm, —  as  in  the 
lowest  of  plants,  and  perhaps,  also,  of  animals.  As  shown  on  page 
396,  the  systems  of  structure  charaoterinng  the  two  kingdoms  of 
nature,  the  BaSaU  of  the  Vegetable  kingdom,  and  theBtwfaftr,  Molf 
hueaTit  Articulate,  and  Vertebrate  of  the  Animal,  are  not  brought  out 
in  the  simplest  forms  of  life.  The  true  Zoic  era  in  history  began 
later.  As  plants  are  primarily  the  food  of  auimals,  there  is  reason 
for  believing  that  the  idea  of  life  was  first  expressed  in  a  plant. 

(5.)  Th»  display  of  the  Srsnm  m  lAs  Kmgdam  of  the  exhi* 
bition  of  the  four  grand  types  under  the  Animal  kingdom,  being 
the  predominant  idea  in  this  phase  of  progress. 

(().)  The  introduction  of  the  highest  class  of  Vertebrates, — that  of  the 
Mammals  (the  class  to  which  Man  belongs), — vivij>arous  species, 
which  are  eminent  above  all  other  Vertebrates  lor  a  quality  pro- 
phetic of  a  high  moral  purpose, — that  of  suckling  their  young. 

(7.)  TU  tMtndMC&oh  ^  Man,— the  first  being  of  moral  and  intslf 
leetnal  quaUties,  and  cme  in  whom  the  unity  of  nature  has  its  fall 
expression. 

There  is  another  great  event  in  the  Kiirtli's  history  which  hfw 
not  yet  been  mentioned,  because  of  a  little  uncertainty  with  veLMnl  to 
its  exact  place  among  the  others.  The  event  referred  to  is  the  hrst 
shining  of  the  son  upon  the  earth,  after  the  vapors  whioh  till 
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then  had  shrouded  the  sphere  were  mostly  condensed.  This  must 
have  preceded  the  introduction  of  the  Animal  system,  since  the  sun 
Ui  Uie  grand  source  of  activity  throughout  nature  on  tlie  earth, 
and  is  eiUH.'atial  to  the  exi^^tence  of  Ufe,  excepting  its  lowi  st  i'oriiis. 
In  the  history  of  the  globe  wbidi  has  been  given  on  page  196,  it 
hm  been  ahown  that  the  ontlining  of  the  oontinenta  was  one  of  the 
earlieat  erenta*  dating  even  from  the  Aaoio  age  $  and  it  ia  probable, 
from  the  facts  stated,  that  it  preceded  that  ( lonring  of  the  atmo- 
sphere which  opened  the  sky  to  the  earth.  This  would  place  the 
event  l>etween  numbers  3  and  5,  and,  as  the  sun's  liL'lit  was  not 
essential  to  the  earliest  of  organisms,  probably  after  number  4, 

The  order  will,  then,  be — 

(1.)  Activity  begun, — light  an  immediate  result. 

(2.)  The  earth  made  an  independent  sphere. 

(3.)  Outlining  of  the  land  and  water,  determining  the  earth's 
general  configuration. 

(4.)  The  idea  of  life  expressed  in  the  lowest  plants,  and  alteP- 
wards,  if  not  cotcmpoianeoualy,  in  the  lowest  or  qrstemlesa  ani- 
mals, or  i'rotozoans. 

(5.)  The  energizing  light  of  the  sun  shining  on  the  earth, — an 
essential  preliminary  to  the  display  of  the  systems  of  life. 

(6.)  Introdnotaon  of  the  ^sterns  of  life. 

(7.)  Introduction  of  Kammals, — ^the  hi|^est  order  of  Vertebrates, 
^thc  chiss  afterwards  to  be  dignified  by  indnding  a  being  of  moral 

and  intellectual  nature. 
(8.)  Introduction  of  Man. 

Cnsmrxjony  oj  (he  Bibl>\ — There  is  one  ancient  document  on  cosmo- 
gony— that  of  the  opi  ning  page  of  the  Bible — which  is  not  only 
admired  for  its  subUmity,  but  is  very  generally  believed  to  be  of 
divine  origin,  and  whioh,  therefore,  demands  at  least  a  brief  oon- 
sideration  in  this  place. 

In  the  first  place,  it  may  be  obserred  that  tMt  document,  tmt, 
ia  of  divine  origin.  For  no  human  mind  was  witness  of  the  events  ; 
and  no  such  mind  in  the  early  age  of  tlie  world,  unless  gifted  with 
superhuman  ijitoUigence.  could  hav(^  contrived  such  a  scheme ; — 
would  huvo  placed  the  creation  of  tlie  sun,  the  source  of  hght  to 
the  earth,  so  long  after  the  creation  of  light,  even  on  the  fourth 
day,  and,  what  is  equally  singular,  between  the  creation  of  plants 
and  that  of  animals,  when  so  important  to  both ;  and  none  could 
haTO  reached  to  the  depths  of  philosophy  exhibited  in  the  whole 
phm. 

Again.  //*  divine,  thr  acrormt  viust  hear  marhs  of  human  imperfection, 
*inu  it  was  communicaUU  through  man.    ideas  suggested  to  a  human 
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mind  by  tho  Deity  wouUI  tako  shapn  in  that  mind  according  to  its 
range  of  knowledge,  modes  ot  thought,  and  use  of  language,  uuleiss 
it  were  at  the  ■erne  time  BupematuraUy  gifted  with  the  pvofbund 
knowledge  and  wiBd<»n  adequate  to  their  conoeption;  and  even 
then  they  could  not  he  intelligibly  exprened,  for  want  of  words  to 
represent  thorn. 

The  central  thought  of  each  stop  in  the  Scripturo  oo.smoeonv — 
for  example,  Light, — the  dividing  of  the  fluid  earth  from  the  tluid 
around  it,  individualiiing  the  earth, — the  arrangement  of  its  land 
and  water, — ^vegetati<m,— «nd  so  on — ^Is  brought  out  in  the  simple 
and  natural  style  of  a  sublime  intellect,  wise  for  its  times,  but  un- 
versed in  the  depths  of  science  which  the  future  was  to  reveaL 
Tlio  idoa  of  vo^r<'tation  to  surh  a  ono  would  be  vegetation  as  he 
knew  it ;  and  so  it  is  (It'scrilied.  The  idea  of  dividing  tho  eai  th 
fi'om  the  fluid  around  it  would  take  the  form  of  a  dividing  from 
the  fluid  above,  in  the  imperfect  oonc^tions  of  a  a^d  ima<y 
quainted  with  the  earth's  sphericity  and  the  true  nature  of  the 
firmament^— especially  as  the  event  was  beyond  the  reach  of  all 
ordinary  thought. 

Objeetions  arc  often  miido  to  the  word  "day," — a?  if  its  use  limited  the  time 
of  each  of  tho  wix  periods  to  a  day  '>f  twority-four  hmir?.  Hiif  in  the  coaTTe 
of  the  document  this  word  "day"  had  varioua  significations,  and,  among  them, 
an  that  mt9  eonnnon  to  it  In  ordinaiy  Isngnsga.  These  sie— (1)  The  light, — 
"  Hod  called  the  light  day,"  v.  5;  (2)  the ''evening  and  the  morning"  before 
the  apprarnnoe  of  the  sun  ;  (3)  tho  "evening  and  tho  morning"  nftcr  the  ap- 
pearance of  the  6un;  (4)  tho  hours  of  light  in  tho  twenty-four  hours  (aii  well  as 
the  whole  twenty-fonr  hoon),  in  verse  14 ;  and  (6)  In  the  following  chapter,  at 
tho  commencement  of  another  record  of  creation,  the  whole  period  of  creation 
is  called  "  a  day."  Tho  proper  meaning  of  "  evening  and  morning,"  in  a  history 
of  creation,  is  begiRning  and  completion  /  and,  in  this  sense,  darkness  before 
light  Is  hat  a  eomnion  metaphor. 

A  Deity  working  in  creation  lilce  a  daj4ab<nrer  hj  esith-days  of  twenty-fbttr 
hours,  resting  at  ni;iht,  is  a  belittling  conception,  and  one  probably  never  in  tho 
mind  of  tho  dacred  penman.  In  the  plan  of  an  infinite  God,  centuries  are 
reqnlxed  for  the  maloring  of  eome  of  the  pluts  with  wUoh  fiie  earth  is 
adorned. 

The  order  of  events  in  the  Scripture  cosmogony  corresponds 

csj^entinily  with  that  whicli  has  been  given.  There  was  first  a  void 
and  formless  earth:  this  was  literally  true  of  the  "heavens  and 
the  earth,"  if  they  were  in  the  condition  of  a  gaseous  fluid.  The 
succession  is  as  follows 

(1.)  Light. 

(2.)  The  dividing  of  the  waters  below  from  the  waters  above  the 
earth  (the  word  translated  wotav  may  mean  Juid). 
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(3.)  Tho  dividing  of  the  land  and  wator  rtn  the  earth. 

(4.)  Vrgctaiion  :  which  Mos<^>i.  ajiidt'ciatinc  tho  pliilosophical 
charactt'hstic  of  the  now  creation  diatiuguishing  it  from  previous 
inorganic  Bubstauoes,  defines  as  that  "which  has  seed  in  itself." 

(5.)  The  sun,  moon,  and  stars. 

(6.)  The  lower  animals,  tlir^so  that  swann  in  the  waters,  and  the 

creeping  and  flying  species  of  the  land. 

(7.)  Beasts  of  prey  ("creeping"  here  meaning  "im>wling"). 
(8.)  Man. 

In  this  succession,  we  observe  not  merely  an  order  of  events,  like 
tiiat  deduced  from  science ;  there  is  a  system  in  the  arrangement, 
ttid  a  fiy^reaohing  prophecy,  to  which  philosophy  could  not  have 
attained,  howoTer  instructed. 

The  account  rocogni/.os  in  creation  two  great  eras  of  three  days 
each, — an  Inorganic  and  an  (hganic. 

Each  of  these  eras  opens  with  the  api)earanco  of  light:  the  ^rst^ 
light  cosmical ;  the  second^  light  from  the  sun  for  the  special  uses  of 
the  earth. 

Each  era  ends  in  a  "day"  of  two  great  works,-— the  two  shown 

to  bo  distinct  by  being  severally  pronounoed  "gOOd."  On  the 
third  "day,"  that  clo.^int;  tli«-  Inorganic  era,  there  was  thst  the 
divvUuij  of  the.  land  from  (hr  irafrrs,  and  afterwards  tho  craifioit  <>/ rrgr- 
tation^  or  tho  institution  of  a  kingdom  of  life, — a  work  widely 
diverse  from  all  preceding  it  in  l^e  era.  So  on  the  <tr(A  "  day,'' 
terminating  the  Organic  era,  there  was  first  the  erea&on  of  3fatmiud$, 
and  then  a  second  far  greater  work,  totally  new  in  its  grandest 

element,  th,:  creation  of  Man» 
The  arrangement  is,  then,  as  follows: — 

1.  TkelnorfftoUeEra, 
1st  Day.—* LIGHT  cosmical. 

2d  Day.— The  earth  divided  from  the  fluid  around  it,  or  indivi- 
dualized. 

1.  Ontlitiinii  of  th.'  land  and  water. 


8dDay.-(^- 
o«a«y.  Creii 


ition  of  vegi'tation. 

'2.  The  OrgankEn, 

4th  Day. — LIGHT  from  the  sun. 

5th  Day. — Creation  of  (lie  lowor  orders  of 

6th  Day  \  ^'  ^'"^'^^^^^^  Mammals. 

1  2.  Creation  of  Man. 

In  a<ldition,  the  la.Ht  day  of  each  era  included  one  work  typical 
of  the  era,  and  another  related  to  it  in  essential  points,  but  also 
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prophetic  of  the  ftiture.  Vegetation,  while,  for  physical  reasons,  a 
part  of  the  creation  of  the  third  day,  was  also  prophetic  of  the 
future  Organic  era,  in  which  the  progress  of  life  was  the  grand  cha- 
racteristic. The  record  thus  accords  with  the  fundamental  princi- 
ple in  history  that  the  characteristic  of  an  age  has  its  beginnings 
within  the  age  preceding.  So,  again,  Man,  while  like  other  Mammals 
in  structure,  even  to  the  homologies  of  every  bone  and  muscle,  was 
endowed  with  a  spiritual  nature,  which  looked  forward  to  another 
era,  that  of  spiritual  existence.  The  seventh  day,"  the  day  of  rest 
from  the  work  of  creation,  is  man's  period  of  preparation  for  that 
new  existence ;  and  it  is  to  promote  this  special  end  that — in  strict 
parallelism — the  Sabbath  follows  man's  six  days  of  work. 

The  record  in  the  Bible  is,  therefore,  profoundly  philosophical  in 
the  scheme  of  creation  which  it  presents.  It  is  both  true  and 
divine.  It  is  a  declaration  of  authorship,  both  of  Creation  and  the 
Bible,  on  the  first  page  of  the  sacred  volume. 

There  can  be  no  real  conflict  between  the  two  Books  of  the 
Great  Ai  thor.  Both  are  revelations  made  by  Him  to  man, — the 
earlier  telling  of  God-made  harmonies  coming  up  from  the  deep 
past,  and  rising  to  tlieir  height  when  man  appeared,  the  laler 
teaching  mnn's  relations  to  his  Maker,  and  speaking  of  loftier  har- 
monies in  the  eternal  future. 
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A. — Animal  Kingdom  (p.  147). 

1.  DiHtinctionn  betirem  Auimah  and  Plantt. — Since  tho  discovery  that  the 
sporoa  (or  scod-ccllsj  of  iiomo  Algw  buvo  locomotion  like  animaloules,  and  that 
there  are  nnieeUnlar  loeomotive  plaata  (the  Diatonuy  eto.),  Mine  have  thoaghi 
that  the  two  kingdoma  of  life  blended  together  through  their  inferior  species. 
Hut  the  fai  t  \^  that  thoy  aro  diverse  throughout, — the  oppiu-ite  but  mutually 
dependent  sides  or  partJS  of  one  >j8tem  of  life.  The  following  are  some  of 
their  dittlneHoiii  ^— 

(1.)  Plant*  ezerete  oxygen,  a  gas  ewential  to  animal  life;  nnimals  ezerete  in 
respiration  carbonic  acid,  a  gas  e!!i!<cntial  to  vegetable  life. 

(2.)  Plants  take  inorganic  material  as  food,  and  turn  it  into  organic ;  animals 
take  this  organic  material  thus  prepared  (plants),  or  other  organic  materials 
mnde  from  H  (animels),  flndhig  no  nutriment  in  inorgaale  mntter. 

(S.)  Plants  in  po^ii^ing  from  tho  unicellalar  state  hy  growth  lose  in  power,  he* 
cominjj  usually  fixed.  Anitnal!«,  in  the  same  change,  or  in  development  from  a 
germ,  increase  in  power,  augmenting  in  muscular  force,  and  also,  in  tho  case  of 
•peeiet  nhore  the  lowest  grade,  in  nerroni  forooy — QntU  na  unt,  for  eumplef 
heoomes  a  one-ant  power,  a  horso  a  one-horse  power;  whence  an  animal  ii  n  aelf« 
propajjnting  picceof  enginery  "f  various  power  according:;  to  the  specie-'. 

(4.)  The  Vegetable  kingdom  is  a  provision  for  the  storing  away  or  magasining 
of  Ibiwfor  tho  Animal  kingdom.  TUa  foroo  is  oeqnired  thiovgh  the  ina't  ia- 
isBOoa  or  Ibcoao  aeting  on  tho  plant,  and  ao  promoting  growth ;  mtooral  matter 
ll  therehy  carried  up  to  a  higher  grade  of  composition,  that  of  starch,  vegetable 
fibre,  and  sngar,  and  this  is  a  utate  of  concentrated  or  arenrnuliite*!  force.  To 
this  stored  force  animals  go  in  order  to  carry  forward  their  development;  and, 
moreoTOTf  the  grade  of  eompoiition  tbna  rises  still  higher  to  mvoolo  and  norro 
(whiehoontain  nitrogen  in  addition  to  the  constituents  of  the  plant),  and  this  is  a 
magasining  of  foico  in  a  still  mnro  concentrated  or  condensed  state.  There  are 
thus  five  states  of  stored  force  in  nature, — three  in  imtryanic,  the  solid,  litjuid, 
and  gaseous ;  and  two  in  wgtmie,  the  vegetable  and  animal.* 

The  Animal  type  differs  from  tho  VegctaUo  (though  not  all  animals  from 
plants)  in  this:  that,  while  tho  latter  has  tho  »uprrli>r-<n\<l  tuffrior\io\&T\ij  of 
simple  growth, — tho  stem  growing  upward  and  the  root  downward, — the  former 


o  Itam  a  paper  bgr  tho  aoibor  on  the  •*  AaMsipatiaH  of  Maaln  llatm«,**|NAHM  to  the 

New  EnnlnniliT.  May,  Professor  Julin  I.,«Cunto  presented  nlmilar  views  ot  \\  later  dafeS^ 

but  Independently,  in  a  paper  read  before  the  American  Association  (in  August,  1&M>). 
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haa  the  nnferinr-nnd-potterior,  Of  cephalic  nnd  anti-cephalic,  polarity,  connected 
with  a  well-developed  nervoiu  system.  The  liadiate«  among  animala  are  allied 
In  fhit  Mipaot  to  plaat^  Mag  Animal  lepwentotiTM  of  the  Vegetable  rndiato 
type)  and  thiH  is  the  ground  of  the  Kubdivision  of  the  Animal  kingdom  atatad 
on  page  59(5  r).  Ainonfj  the  Radiates,  the  Pol.v[is  (the  l(jwc.-<t  of  the  three 
claoses),  in  their  modern  and  more  typical  kinds  (see  Appendix  F  ),  have  a  aix- 
njod  itmetnre,  th«  Aoalepha  n  finir-nyvd,  llie  Behinodenm  (or  higbMt)  a 
ATe-rayed ;  and  these  laat  look  forward  through  their  many  nn^ynnNlrieal  fonaa 
towards  the  cephalic  polarity  of  the  other  sub-kingdoms. 

2.  ProloMoans. — The  two  most  common,  and  geologically  the  most  importanti 
rabdlTisiottf  of  the  Prototoana,  are  mentioned  on  page  168.  A  ftw  ranarim  oa 
the  classification  of  the  group  are  added. 

The  Prototoans  include  tho^e  minute  animal  species  in  wliii-h  neither  of  the 
four  grand  systems  of  the  Auiuml  kingdom  (the  Radiate,  MuUuscan,  Articulate, 
and  Vertebrate)  It  dittinetly  brought  ont.  They  repreeent  life  simply,  or  sys- 
temless.  Their  analogues  amongplantiaretliei4/«/r,  which  are  also  systcmlewj 
that  is,  arc  without  the  radiate  structure  tgrpleal  of  the  Vegetable  kingdoai. 
Protophjftet  are  only  miorOMOpic  Algo). 

Although  the  grand  galena  In  Eaology  are  nnprnnoaneed,  thera  ata  a^  fldat 
indications  of  them  genwaUy  obeerrable,  or  to  be  infened  fnm  leeemlilaaeea  to 
the  embryonic  condition  of  higher  specie^,  nnd  fhcc  nre  the  mo."»t  fundamental 
diatinotions  for  their  arrangement.  The  groups  accordingly  appear  to  be  the 
fidlowing: — 

1.  AonxoiItoiDa ;  er»  BuMtOt  Avieaoaaa,  aa  the  Spaagafly  Poly^jttlaef^  Hoe- 
tttneaB,  etc.  The  mineral  secretions,  when  any  exist,  are,  with  few  ezeeptionfl, 
titfeeoiu.    (A  few  sponges  have  calcnreoiu  spicula.) 

A  few  species  are  here  figured.  Fig.  976  represents  a  Spheroionm  (&  oritm- 
tale  D.),  a  gelatine-like  spheroidal  mass,  eontaining  many  minnte  eiienlar  ^oli^ 
each  Hct  about  with  '^iliccous  spicula  (see  Amcr.  Jour.  Pci.  [2]  xxxv.).  Fi<r.  979  a 
is  the  mass,  natural  sixei,  and  6  one  of  the  oircular  spots  or  individuals  of  the 


Fig.  979.  Pigs.  980-982. 


fBONOOAiit^ol^.  970  a,  BidMNaonm  orisatale,  aatoral  else;  »b  one  of  the  fodfrMaeli  la 

the  compound  maitM  cnl.iriTed;  t0Q^  Lgp^uMculnm  Locema  (X  IW);  Ml,  BecyrtkHam 
Hongolfleri  (X  100);  662,  Uallealyptfa  flmbriBte(X  TS>. 


eompoand  mass,  enlarged.  This  species  was  obt^ned  by  the  anther  in  thaPaeifle 

in  lat.  28°  to  30®  N.,  lon^r.  178°  W.,  where  they  were  so  abundant  ns  to  make 
the  water  looli  cloudy.   The  Spkerwuta  are  supposed  to  be  closely  related  to 
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spon^.  It  is  possible  that  the  spienla  of  allied  species  maj  hnre  contrflmtod 
to  deep-sea  formations  in  ancient  ocpnn*.    (Sec  fifrf.y.  /,  m,  p,  271.) 

Figs.  980-982  are  ot  Pol^cyttmcit  trum  tlie  Barbadocs  (p.  612);  fig.  980, 
Lgdmowmiwm  Lwetma  Bhr.;  fig.  981,  EucyrHdhm  Mongolfieri  £hr.;  fig.  982^ 
Hatieafypiru  fimbrxata  Ehr.,  the  first  two  magnified  100  diameters,  the  laat  *boat 
75.  From  these  deeply  concave  forms  there  are  grndntioiis  in  one  direction  to 
disks  witli  concave  centres,  and  to  flat  disk?,  both  with  pluiu  und  pointed  borders, 
and  in  the  other  direction  to  elongate,  conical,  and  spindle-shaped  forms. 
Otlien  hnre  the  shape  of  a  flattened  oiwu ;  another  b  an  open  diunend  with 
namw  diagonals  and  periphery.  The  disks  have  a  concentric,  and  not  a  spiral, 
atmetare,  and  thu^  arc  unlike  tbo.«e  of  Nummulites.  For  fifriiros,  see  Bhieno 
berg's  Mikrogeologio,  and  Bailejr  in  Amer.  Jour.  Soi.  [2]  xxiL  pi.  1. 

Tiie  liTing  Polyeyatlnee  extend  ent  ihre-like  proeaoMe  through  porai  in  the 
didlfl,  and  in  this  retpeet  an  like  Rhitopods. 

Althonc^h  probably  among  the  earliest  kinds  of  life,  Polycystines  hare  not 
jet  been  recognized  in  rooka  below  the  Tertiary,  unless  an  ovoidal  lilioeous  cell 
fhond  hj  II.  0.  Whita  in  liie  elMct  of  the  Blaok  Rlrer  Umeatoae  of  Watertown, 
H.T.  (Aner.  Jour.  8eL  [S]  sxxiiL  3SI^  flg.  80),  ia  of  this  nature. 

2.  MALAcoziioms  ;  or,  3/o//«»t-/iA'e  Pro/o2oan»,  as  the  Rhizopodij.  The  mine- 
ral ."Of ret i on. H,  when  there  are  any,  are  rnlcarrout,  and  the  cells  are  nrranged 
alternately  or  spirally  (p.  164),  in  this  resembling  the  Bryozoans  and  Gastero- 
podi  amoaf  M<dlaske. 

]>'0rhign7*f  elasiilleatioiiof  the  Rhizopods,  given  on  page  164,  boot  a  natozal 
one;  and  none  ha!?  yet  born  propo^icd  that  i!<  free  from  okjectioni. 

8.  EntomOXoOIDS  ;  or,  Articulate-like  Prototoant. 

The  Im/ntdria  that  are  not  plants  nor  larral  fbnns  of  higher  speeles  hakng 

to  one  of  these  three  divisions.  According  to  AKn.>4.siz,  the  VorticeUa  gronp  is 
related  to  the  Bryozoans  amonj^  Mollusks.  Other  Itifuff>ri!i,  n^*  the  unsymme- 
trical  Trni  li,  l,,r, rcK,  PU$coHiw,  etc.,  may  be  also  MoUusk-liko  forms.  Many  of 
the  symmetrical  InfosoriahaTO  been  proved  to  be  only  the  embryonic  condition 
of  worms;  hot  some  so  related  wUl  prohoblj  proTo  to  he  tme  Entomoitfoids. 
The  Amcehm,  as  has  been  suggested,  msy  ho*  larrol,  as  is  now  Imown  to  he  the 

ease  with  the  Grerjarinidie. 

The  geological  importance  of  Rhizopods  has  already  been  explained,  except- 
iaf  In  one  reepeet, — their  eonneetion  with  fft«  origin  of  ffrcea-Minrf,  a  faet  first 
obsenred  by  £brenl>cr^.  The  Qreen-sand  grains,  of  the  Cretaceous  and  other 
formations  arc  found  to  be  very  pcnerally  eaitt»  of  these  shell-*.  The  material 
first  forms  within  them,  and  then  penetrates  all  the  pores  of  the  minute  i^tructure, 
and  finally,  on  the  disappearance  of  the  carbonate  of  lime,  it  has  their  interior 
or  ozterior  form*  Bailey  found  this  same  green  earth  (glaneonite)  filling  reeent 
RUsopod  shells  from  the  Gulf  of  Mexico,  and  from  the  bottom  of  the  Atlantie 
beneath  the  Qolf  Stream  and  in  other  parts;  and  PourtalciJ  has  since  made  the 
same  observation.  The  latter  states,  however,  that  he  found  this  green  earth 
penetrating  also  the  shells  of  some  small  JToirealst,  AemaelM,  and  Jffttrpore 
Cbrols.   No  ehemical  explanation  of  these  facta  has  yet  been  offered.  (Baileji 


Amer.  Jour.  SoL  £2]  uiL  282 ;  Ponitales,  Rep.  Coast  Svnrey,  18«9, 248.) 
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B.— Budaon  Pmlod  (p.  217). 

The  Lomtima  Aaht  (designated  im  part  AImJw'  dlolM  in  tin  V.T.  Aarail 
Q«ologlaal  Bapofte)  were  so  named  from  the  town  of  Lorraane,  in  th*  aoattMni 
part  of  Jefferson  cc,  N.T.,  where  the  whole  tbickncM  of  the  beds  overljing  the 
TJtica  shales  in  well  exposed.  They  include  the  weetem  part  of  the  Hndson 
River  formatiuu  iu  the  State  of  Now  York.  They  oonaiai  of  Uiin  beds  of  gray 
laadstone^  alternating  witli  lino  argUlaeooof  thaloa.  Tho  boda  are  in  geMtal 
Boavly  horizontal :  they  extend  eastward  along  the  Muhurk  valloy. 

Alfh'iii<.'h  the  lludn  II  River  fnrtntttion  ha?  lo!«t  a  lar|»©  part  of  its  strata  in 
the  iiudsoQ  Kiver  valley  by  the  discovery  that  the  upturned  slates  of  that 
r^on  are  of  tlM  Potadom  period,  it  etill  retalna  lonio  portiona  on  tlM  voit  ddo 
of  the  itnt,  onoDfh  to  render  it  proper  to  continue  to  nao  tko  aaMO  fiNr  1ik» 
formation  and  for  the  iicri<«l  to  which  it  hclon>?s.  The  name  is  uuw  so  much 
a  part  uf  the  science  in  Europe,  as  well  as  in  America,  that  any  change  is  graally 
to  bo  deprecated. 

C. — Devonian  Age. 

Aocnrding  to  E.  Jewett,  recent  observations,  both  stratigraphieni  and  palvon* 
tological,  by  himself  and  J.  M.  Way,  in  Delaware  co.,  N.Y.,  tend  to  prove  that 
lie  rookt  o/  a*  •e-eottMl  OalMU  grovp  ore  prohabfy  alt  CSsaMMf.  Savanl 
fossils  from  distant  localities  hare  heen  identified  with  Chemung  speoies. 

Fijrnro  983  represents  in  ontlino,  half  the  natural  size,  a  portion  of  a  fossil 
plant  from  the  Chemung  beds,  found  at  Wisner'd  quarry  near  £lmira,  Chemung 
00.,  N.Y.,— the  Lepidodemdron  Ohmmtgnuit  D.  (SIgillaria  ClionraiigaDaia  HWi). 
The  apeeioMn  fiforad  by  HaU  waa  Ifh  iaaliaa  long^  and  from  2  inahoa  to  H  widt^ 


Fi;riirc  984  is  a  peculiar  plant,  a  little  like  the  NoeggerathisB  in  habit,  figured 
hy  11.  D.  Rogers  on  Plate  22  of  the  Oe<iloj;ical  Report  of  Pennsylvanin.  On 
the  plate  it  ia  stated  that  it  is  a  fossil  plant  from  the  Ponent  sandstone  beds,  or 
of  the  Catflcill  period.  ThaniiBorafotanoatoltinthatazt  Thaaoiatoftta 
plato  indicatai  that  tha  xoek  waa  xeddiah.  Ia  it  froai  the  Jfsseoofa  of  ran> 
iiylTania? 

The  figure  of  the  Xoeggerathia  on  page  291  is  from  a  portion  of  a  Wlj  laigi 
firond  on  limestone,  found  at  Montrose,  Pa.,  by  Rev.  U.  A.  Riley. 
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D. — Oladal  Epoch  (p.  535). 

QIaoial  soraiches  occur  id  Pcnoeylvonia  on  the  top  of  Penobscot  Knob,  3000 
fe«t  aboTB  the  ie»-level,  and  on  Peter's  Hoantaiii,  near  Ilarriaburg,  2000  feet. 
On  the  former,  where  they  oorer  »  naked  fiuw  of  roek  at  the  extreme  aammit, 

three  seta  of  scratches  cross  each  other,  diTerging  at  nnglos  of  25  and  30  degrees. 
On  Pctef's  Mountnin.  hori/ontul  scratches  occur  at  the  summit  on  the  upright 
wall  of  a  notch  in  the  ruck  thirty  or  forty  feet  deep  (Lesley). 

In  the  ralloy  of  Wyoming,  Pa.,  there  Is  a  eonformity  between  the  direction 
of  the  scratchcii  and  the  course  of  the  valley  (H.  D.  Rogers). 

On  Catsktll  Mountain.  X.Y.,  m  cording  to  Ramsiay.  the  .scratches  arc  nume- 
rous, and  continue  up  to  the  plateau  on  which  the  hotel  stands,  2850  feet  above 
the  ten;  and  all  but  n  few  of  the  highest  mn  from  north  to  •wah  along  the 
flanks  of  the  esoarpment,  or  in  the  direction  of  the  Hadaon  River  Talley,  and 
not  from  went  to  rant  down  the  flopc  of  the  hilL  The  chief  grooves  run  between 
S.  22"  E.  and  S.  bb°  W. ;  among  them  one  rons  8.  22°  E.,  two  S.  10<»  E.,  two 
N.  and  ti.,  one  S.  10°  W.,  six  S.  22°  W.,  one  S.  30°  W.,  two  S-  55°  W.,  one  W. 
IIP  N.  Ramsay  obaenroB  that  the  rarlatione  seem  connected  with  bends  and 
other  irregularities  in  the  face  of  the  great  escarpment.  The  oonrse  8.  55°  W. 
was  found  at  the  top,  near  the  hotel ;  and  in  the  plateau  on  the  summit  of  the 
water-shed  there  are  "  numerous  main  grooves  passing  across  the  hill  ut  riyht 
«mgU€  to  wuut  of  tkoM  obmntd  daring  the  aseent"  (Qnart  Jonr.  Qeol.  Boo.,  zr. 
209). 

See  further,  for  information  on  jserntohes  in  New  Yorlc,  a  table  by  Mather^  in 
his  New  York  (Geological  Koport,  pages  19i)-200. 

W.  B.  Dwight,  in  n  leoent  oommnnication  to  the  author,  mentfoiM  that  at 
Cherry  Valley,  N.T.,  there  aro  two  systems  of  ioratehes,  neariy  at  right  angles 
to  each  other,  and  none  between  the  two  :  the  direetions  arc  (1)  S.S.W.  to  S.  by 
E.  ond  (2)  E.  by  N.  These  courses,  as  he  says,  do  not  follow  the  slopes  of  the 
minor  valleys  of  the  region ;  but  they  do  appear  to  correspond  to  the  grander 
■lopea  of  the  land.  The  town  liea  near  the  sammtt-lerel,  in  the  rleinlty  of  the 
liead«watm  of  the  Sasqoehanna,  and  also  on  the  south  border  of  the  Mohawk 
valley;  and  he  sii^tr'^et*.  with  pond  reason,  that  one  $y»tem  is  that  of  a  great 
glacier  moving  southward  along  the  wide  Sui?quehanna  slope  of  the  plateau  of 
southern  New  Toik,  and  the  of  Aer  system  that  of  a  glaeier  moving  eastward  down 
the  Mohawk  valley.  The  latter  probaUy  had  its  independent  moToment  when 
the  fllncial  ('["tch  was  on  the  decline. 

.  These  interesting  observations  sustain  the  conclusion  that  the  featurea  of  the 
Icrnd  ioee  gwtdtd  Ao  courts*  of  the  great  glaolan.  Ou  page  544,  evidence  has 
heen  stated  as  to  a  0iM$t9etieut'faUtif  gtatitr  and  a  fTMtNm-ociilqr  gfaeitr,  and, 
also,  on  page  545,  of  a  Penobtcot-Bay  glaritr ;  and  now  we  have  evidence  of  a 
Stufqufhannn-rallri/  tjlndrr  and  a  3fofiiiirk-rftll>  >/  ijlarirr.  The  absence  of  gla- 
eier-phenomena  about  many  of  the  heights  bounding  the  Hudson  and  Conneo- 
tieut  TaDeys,  and  the  irregularity  in  the  courses  of  soratehes  ^ut  those  other 
summits  on  which  they  occur,  sem  to  d^ne  the  outline  of  tho  independent,  or 
partly  independent,  glacier-.streams. 

In  Missouri,  unstratified  Drift  of  the  Glacial  epoch  abounds  north  of  the 
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MUsouri  River,  unci  oxiats  in  nutll  quantities  as  far  south  as  the  Osage  tad 
Mtriiiiiio  :  the  thii  kno-is  i.«  fmm  one  to  forty-five  feet;  the  greatest  thickness 
and  cuaraeiit  muterial  are  tu  tho  north.  The  buuldera  or  rounded  stones  consist 
of  m«taiBorphle  roeka  and  foMOifsrou  Unectoiw;  Ihe  nmumt  looalitj  of  tho 
former  in  place,  according  to  Owen,  is  on  the  St.  Potor's  Kiver,  nbook  MO  bQm 
north  of  St.  Joseph;  tho  latter  arc  from  localities  near  whoro  they  occur,  as  is 
shown  by  iho  fussils.  Tho  larjjost  lM>ulder<t  uru  hvo  to  six  feet  in  diameter.  The 
Drift  ii  wdtrlaid  in  Mreral  oountiot  (aad  porhapi  gonenDy)  by  a  laye^  of  pipe- 
oUy,  one  to  six  feot  thick  (Swallow). 

There  if  no  Drift  in  Arkansas,  except  that  of  a  local  origin  (D.  D.  Owen). 

With  regard  to  oblique  scratches  up  and  down  declivities,  Professor  GnyoC 
aUtMy  in  o  latter  to  tlw  aathor,  that  they  are  a  oooimon  remit  of  glaeier-aeCioa 
in  Switserland.  The  moat  of  tho  scratches  oa  tiw  Jnim  Mountains  are  of  thi5 
description.  As  tho  great  glacier  of  the  Rhone  moved  against  their  side*  and 
became  deflected  thereby,  there  was,  as  a  resultant  (on  the  northeast  side  at 
laaat),  m  running  up  obliquely  of  the  whole  inaaa  at  the  aaao  time  that  it  aored 
aaatward  and  down  the  general  !i\o\\Q  of  the  oonntry. 

To  appreciate  the  effects  of  a  vajst  glacier  over  a  continent  or  occupying  the 
whole  breadth  of  a  wide  valley, — like  that  of  the  Hudson  between  the  summit 
of  the  Green  Mountains  on  one  ride  aad  tiiat  ef  the  Oatakilla  on  the  other^it 
must  bo  remembered  that  a  genoral  Southerly  mOToaient  in  the  wholo  WUM 
would  carry  tho  boulders  and  scratch  purfacer^,  traufvcr^olr  or  obliquely,  aerOM 
•nbordinate  transverse  valleys  and  ridges,  ascending  or  descending  dccliritiaa. 

It  ii  to  be  noted,  in  oonneetion  with  this  mbjeel,  that  powerAil  torrent*  flow 
for  some  distance  beneath  all  glaciers,  and  from  their  terminations;  and  the 
eiTcct;'  of  Hui  h  t'>rrent8  arc  naturally  iniiitrh  il  with  true  glacial  effect?. 

Aga«jjiz  and  Guyut,  of  Switserland,  who  arc  familiar  with  both  the  Swiss  and 
AiBariaaii  fiwts,  adopt  tho  Olaeiar  thaoiy  of  the  drifL 


1.  Bate  of  growth  oj  coral: — The  author  is  indebted  to  Captain  £.  B.  Hunt, 
U.8.  Bngineeiai,  tmr  the  following  dellnite  foots  with  regard  to  the  rate  of  growth 
of  qweiea  at  Key  West,  southwe^'t  of  the  southern  oape  of  Florida. 

Over  a  bottom  in  ten  feet  water  which  had  been  cleared  in  lf46,  a  Meandrina 
grew  in  the  course  of  cloven  years  to  a  hemisphere  (the  usual  form  of  the  sp«- 
eies)  sIk  imohm  in  radlua. 

This  is  equivalent  to  six-elerenths  of  an  inch  a  year;  and,  allowing  one-third 
for  the  porosity  of  tho  coral,  it  corresponds  to  an  nnw.ird  incrca,-e  in  solid  bulk 
of  /our-eUvtHlh*  of  an  inch, — which  is  almost  identical  with  the  tknx'cigktkt 
dadaead  on  paga  Ml. 

An  QtoilfaO'  -a  branching  coral  growing  in  clumps — grew  nt  the  .tame  placenta 
twelve  years,  to  a  height  of  nine  inches  and  a  breadth  of  twelve  inchc?.  equiva- 
lent to  three-fourths  of  an  inch  a  year.  This  coral  has  few  pores ;  but  the 
braaehes  are  bbmU,  beiag  hardly  afoarth  <^  aa  iaek  thiek  at  tho  ozti«Bity,aad 
the  spaces  between  them  arc  from  one  to  one  and  a  half  inohsa.  Tho  aaoaaft 
of  increase     not  equal  to  that  of  the  Meandrina. 

2.  Florida  ret/t. — The  rock  of  the  reef  at  Key  West  is  mainly  an  oolitic  lime- 


B. — Coral  Reefo  (pp.  587,  591). 
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■kOM^  oiaally  s  little  frUble  and  in  some  parts  becoming  brecciated.  It  fbmi 
just  above  the  w:itpr-lovel.  und  also  below  the  surface  to  a  depth  of  several — ^per- 
haps many — feeU  Thi»  variety  of  rock  is  uncommun  among  the  ox teneive  reefs 
•f  the  PMiflOi  tlM  kind  moit  approaching  it  being  A  iMMhon  rock  auid«  from 
eonltuda.  TheroditlMMfonMdftomeonlMttdiMrMadainodarBtedepiht 

in  the  lag()on  and  off  shore  i;?  a  white,  compact,  unfoasiliferous  liin(v-ti)ne,  having 
the  flint-like  fracture  of  the  Bird'a-ejre  limeeiene  (of  the  Trenton  period)  in 
eentral  New  York  (p.  206). 

The  origia  of  the  long  enrrlng  Uno  of  oonl  not  itrat^iag  wmthwaotwaid 
from  soatbem  Florida  to  the  Turtugas,  and  having  a  total  length  of  120  milei^ 
had  been  satiffaotnrily  cxiilained  by  Captain  Hunt,  who  attributes  the  prolon- 
gation to  the  transportation  of  ooral  sanda  from  the  coral  reef  to  the  eastward 
hj  tho  Labndor  eamnt  (pb  057).  Ho  fliowi  thnt  tho  onrrent  is  jnifc  aooh  m 
would  produce  the  form  preeented  bj  tho  reef.  Thii  barricr-reef  has,  tliinAw% 
the  sameori^'iii  as  thoyo  of  flilif'tniM  -and^  farther  north  nn  the  American  coast. 
Tho  only  difference  is  this  :  that  the  material  uf  which  the  sand  of  the  coral  reef 
is  made  is  a  result  of  the  growth  of  animal  life  on  an  earlier  part  of  the  reef. 
The  soond  between  thereof  nnd  Florida  is  about  120  foot  deep,  and  hns  a  bottom 
of  clean  coral  sand,  tho  material  of  which,  as  Oaptldn  Hunt  showSf  is  washed 
from  tho  reef.  It  is  still  possible  that  a  subsideneo  has  «i<M  in  producing  tho 
results. 

S.  Sommdimgt  imot  eonrf  itloadtvAinong  tho  Pamnotusy  aoeotding  to  WiIlros» 

SOathoost  of  Ahii,  the  loud  Stmek  at  150  fathoms,  and  then  fell  off,  and  finally 

broufjht  up  at  300  fathoms;  2  miles  oast  of  Serle's  Island,  no  bottom  was  found 
at  600  fathoms  j  i|  miles  south  of  the  larger  Disappointment  Island,  no  bottom 
at  550  fhthoms;  a  niilo  firom  tho  oast  end  of  Metis,  no  bottom  at  600  fatlionu. 
Off  Whitsunday  Island,  Boechey  found  no  bottom  at  350  fathoms.  Darwin 
states  that  Liout.  Powell  found,  fiOO  feet  from  Diego  Garcia.  n<>  bottom  with  150 
fathoms;  that  at  Curdoo  Atoll  Island,  300  feet  off,  no  bottom  was  obtained  at 
200  fathoms ;  2i!U0  yards  from  Keeling  Island,  Fitzroy  found  no  bottom  at  1200 
fiOhoms ;  but  tlw  lino  at  a  dqith  between  500  and  000  fisthoms  wss  partlj  on^ 
as  if  it  bad  rubbed  against  a  projecting  ledge  of  rock. 

These  facts  bear  on  the  question  of  the  thickness  of  coral  reefs. 

4.  Chalk. — The  only  locality  of  chalk  among  the  Paciiio  coral-reef  rocks,  ob- 
•erred  by  the  author,  oeears  on  the  island  of  Ouha  (Hawaian  group).  It  has 
but  a  few  yards  of  extent,  and  is  situated  doio  bjan  li^foetod  dlko  of  Uts; 
and  it  is  jirnbablc  that  it  owes  it?  nri;:iti  in  snmc  way  to  heat  connected  with 
the  injection.  The  author  regards  it,  therefore,  uo  true  exception  to  tho  state- 
moat  made  on  page  617  that  ehalk  is  not  one  of  the  varieties  of  eoral  rook :  it 
ii  made  by  aeeumnlaUoas  of  Bhisopod  sholli^  and  not  of  ooral  or  ilidl  ■and. 

P.— Progrean  of  Idfe  (pp.  596,  597). 

JMTidiag  tho  Animal  kingdom  into  Invertebrates  and  Vertebrates  as  tho 
two  aubdivisions,  the  Cephalopoda  (Orthooerata,  ote.)  maj  porhapa  bo  togardod 
aa  tbo  oompnhaiuiTO  tjps^  forushadowlng  tho  latter,  as  oxpl^aod  on  pagt 

•07. 

Tho  internal  bone  in  C'ephalopods,  weutioned  on  p.  397,  exists  only  in  those 

40 
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species  that  have  no  external  8h«lL  Ilie  CMliMt  of  tllil  kiBdWMVptobftUjtlM 
CoHuiarimf  as  already  stated. 

P«ga  697. — In  the  mb^ktogdom  of  Radiate*  fhw  aro  two  eoiBpi«htMi«« 
types  intertnodiato  between  the  classes  of  Polyps  (the  inferior)  and  Acalephi 
(the  nrxt  hiijhtr).  (1.)  That  of  the  CyatkophtfUoid  coraU,  who-o  fiin(Iaiiu?nt.i1 
structure  is  based  on  the  number  i,  the  number  eminently  chmracteriolic  of  Aca- 
l^hi,  the  rayi  heing  multiples  of  Jour,  and  not  (as  ia  modern  oonds)  of  sir. 
(S.)  That  of  the  FtnaHlt»/amilg  of  eoraU,  which,  if  related  to  modern  MiUe. 
pori-!»  and  true  Acalciihs,  n?  Agaei^iz  holdn  (p.  162),  belong  to  that  division  of 
Acalophs  which  embraces  species  so  polyp-like  that  until  recently  they  were 
anaaged  with  Polyps.  The  speeies  of  these  eomprohensiTe  types  ava  Hm  only 
known  rspresentatlToa  of  Polypi  and  Aoalepha  in  tiie  PateoMie  flwa^oawept- 
ing  poM<(iMy  the  Gr^itolltes;  and  theo^  if  Aoalepha  (p.  1M)>  an  Hydroida  like 
the  Favosites. 

Ooral-mwking  Mollttsks  (Biyoioans),  Polyps,  and  Acalephs,  were  a  prominent 
fMi  of  that  Aamoniew  aaMmUaga  of  gjnwfa  whieh  eonatttntod  tlia  lift  of  the 
Palnwaoio. 

Ck— BHimral  OIL 

Mineral  QQ,  or  Petrolenn,  ia  a  UtttmfaM»na  liqnid  laaalting  turn  the  decom- 
position of  marine  or  land  plants  (mainly  the  latter),  andpsrhi^also^  of  eome 

non-nitropcnous  animal  ti«?iic?.  Tt  jiroceeds  from  nx  k:*  of  variou?  apes,  from 
the  Lower  Silurian  to  the  Post-tertiary,  and  from  limestones  and  8andt<tune!i,  m 
well  as  shales.  The  so-ealled  antkraeite  of  thb  Gtlcifenm*  beds  of  New  York  is, 
aeeording to  T.B.  Hantaan  altered  and  inspissated  ndneral  oil;  and  liqnid  drops 
of  the  original  material  sometime?  exist  in  the  qaartz  crystals  of  the  same  region. 
In  the  /7iref«-c^e  timeatone  of  Riviere  ii  la  Rose  (Montmorenci),  Canada*  and  of 
Watertown,  K.Y^,  it  flows  in  drops  from  a  fossil  eoral ;  and  in  the  Trtntom  Imm« 
stone  at  Pakenkam,  Canada,  it  Alls  the  earities  of  large  Orthoeorata.  It  i»o> 
Oeeds  from  the  Hudion  J}!r>  r  f,,n>iati<>n  in  Oueldcrland,  near  Albany,  ami  cr.  ur* 
OB  the  surface  of  a  spring  and  issues  from  the  I'lica  »late  on  Ureat  Maoitoulm 
Island  (Lake  Uaron).  The  Niagara  limestone  sometimes  affords  traces  of  it; 
and  ao  also  do  the  Medinn  red  shales. 

The  Connferotia  beds  of  the  Devonian  afford  petroleum  at  Black  Rock  in  the 
Niagara  River,  where  it  occupies  cavities  in  fossils;  and,  in  sufficient  abundance 
to  be  an  object  of  oommeroe,  at  Enniskillen  in  Western  Canada,  near  whieh  place 
there  i%  over  Hw  rnHhee,  a  deposit  of  solid  bitnmen  or  mineral  tar,  half  an  aero 
in  extent,  probably  derived  from  the  limestone  beds  below. 

The  Mnrcelhii  thnfm,  or  lower  part  of  the  Hamilton  group,  and  also  the  upper 
part  of  the  same,  contain  occasionally  concretions  which  enclose  petrolenm. 
The  rodu  of  the  Clitmtmg  period  afford  abondaat  oQ«springs  in  Bris^  Bsnsas, 
and  Cattaraugus  countic!>.  New  York.  The  oil-wolls  of  Pennsylvania  and  Ohio 
are  sunk  in  Devonian  or  Svihcarboniferou?  sandstone?,  often  descending  through 
overlying  Carbuuileruua  strata.  Some  of  the  most  noted  "  wells"  in  these 
lagioas  are  at  Meeea  in  Tmmbnll  oo.,  Ohio,  TitasriUe  on  Oil  Credi  in  Paan> 
ijhrania,  and  near  the  Little  Kasawhn  in  Virginia. 

In  the  American  Meso^toie,  n  liqnid  petroleum  oeonr*  in  Triassie  shales  and 
limestone  at  Southbury,  Ct. 
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The  petroleum  of  tho  island  of  Trinidad  arises  from  the  Tertiary  formation. 

WiMval  oU  to  A  oonpooad  of  hydrogoi  aad  •Mrboa.  Th»  ««mpoiilIoii  tbtim 
between  C^H„  and  CmH^*  In  becoming  inspissated  it  is  often  more  or  ten 
ozydized,  losing  somrtimos  in  part  its  fusibility  and  its  Holubility  in  ether. 

See  farther,  on  tbia  subject,  a  paper  by  £.  B.  Andrews  in  the  Amer.  Jour.  ScL 
[t\  xzziL  85^  aad  om  bj  T.  B.Httiit  in  th«  Oanadlaa  Nalanltoi  and  Oeologist, 
tL  841,  Angofl^  1801|  firom  mbkk  tha  laigar  part  of  tlie  above  foete  baTO  boon 
oited. 

H. — Catalogue  of  American  Localitiea  of  Foaaila. 

The  following  catalogue  of  Anioricui  iot-alities  of  fossils  contains  only  some 
of  the  more  important,  and  is  intended  for  ihj)  convenience  especially  of  the  stu- 
deal-ooUootor. 

LooAUTUS  or  Fossils. 

Potsdam  $and$tone. — Swanton,  Vt. ;  Braintrec,  Mass.;  Kcesoville  (at  "  High 
Bridge"),  Alexandria,  N.Y. :  Chiqucs  Riilj;i'.  Pa. :  Falls  of  St.  Croix,  Osceola 
Mills,  Trempaleau,  Wisconsin ;  Lansing,  Iowa ;  St.  Ann's,  Isle  Perrut,  C.W.;  near 
Boaobaraoto  on  Lako  St  Lonls,  C.B. 

Calci/eroua, — Point  I^vi,  Mtngan  Islands,  Philipsburg.  and  near  Beauhnmois, 
CE. ;  (Jrand  Trunk  Railway  between  Brockville  and  Prescott,  St.  Ann's.  I-^lo 
Perrot,  C.W.;  Amstordam,  Fort  Plain,  Canajoharie,  Chaiy,  Lafargeviile,  Ogdens- 
bargb,  N.T. 

deny  UaiesioM. — Cbaay,  Oalwaj,  Wostport»  N.T.;  Itlaad  of  Hontraal,  O.B^ 

1  to  3  niile«  north  of  "the  Mountain." 

liird'K-eye  lim€Mto»9* — Amsterdam,  Little  Falls,  Fort  Plain,  Adams,  Water- 
town,  N.Y. 

Btutk  JRiver  KaMefoiM^Watertown,  K.T.;  Ottawa,  C.W.;  Idand  of  Mon- 
treal, and  near  Quebec,  C.E. 

Trentnn  limmlone. — Adams,  Watertown,  Boonville,  Turin,  Jacksonburgh.  Little 
Falls,  Low ville, Middle villc,  Fort  Plain,  Trenton  Falls,  N.Y.;  Pine  Urove,  Aarons- 
boTf  ,  Potter's  Fort,  MiUigan'a  Cots,  Pa. ;  Ilighgate  Springs,  Vt ;  Montmorenej 
Falls  and  Bcauport  Qnairies  near  Quebec,  Island  of  Montreal  (qaarriet  N.  of 
the  city),  C.E. ;  Ottawa,  Boll.-vill-.  Tront.m  mI.T.  R.  R..  W.  c.f  Kin --f  .rO.  C.W.  ; 
Copper  Bay,  Mich.;  Elkader  Mill.*,  Turkey  River,  Dubuque,  Iowa;  Falls  of  St. 
Aatbony,  St  Paul,  Hinetal  Point,  Cassrille,  Beloit,  Qnimbjr's  Mills  near  Benton, 
Wfa.;  WafTCB,  niineis. 

Utxea  »trtlr. — Turin.  Mnrtinsburgh,  Lorraine,  Worth,  Fticn,  Cold  Spring, 
Oxtun!?o  and  Osquago  Crooks  near  Fort  Plain,  Mohawk,  Rou.xe's  Point,  N.Y.; 
Rideau  Kiver  along  R.  R.  at  Ottawa,  bed  of  river  two  miles  above,  C.W. 

Anifoa  ffAwr  pfouqt. — ^Palaski,  Rome,  Lorraine,  and  Boonville,  N.T. ;  Peon's 
Valley,  Milligao's  Cove,  Pa. ;  Oxford,  Cincinnati.  O. :  Madison,  Ind. ;  Anticosti, 
opposite  Three  Rivers,  C.E. ;  Weston  on  the  Ilunilif-r  River,  nine  miles  W.  of 
Toronto,  C.W. ;  Little  Makoqueta  River,  Iowa;  Savannah,  Qreen  Bay,  Wis.; 
Scales  Monnd,  HI. ;  Ommmond's  Island,  Misb. 

Medina  tamdttone^hotkpmt,  LeirislOB»  Medina,  Rodieiter,  N.T.;  Iiong  Nar- 
rows balow  LewtotowBi  Pa. 
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Clinton  groHp. — Lewiston,  Lockport,  Rcjn olds'  Buin,  Brookport,  Roobeiter, 
Wolcou,  l««w  Hartford,  N.Y.  j  Ihorold  on  WoUand  CmmI,  Uamiltoii,  AaoMtaf. 
C.W. 

Jfjo^vra^Ltwiatoii,  Lookpoft,  RodMttor,  Wolaott,  N.T.;  Tli«rold»  HmdOIob, 

Ancafter,  C.W. ;  Antiooiti,  C.E. ;  Arisaig,  Nora  Scotia;  Racine.  Waukesha,  Wis.; 
Marblchoad  on  DnuBOiond'a  lalaati^  Mtohigan.   {ConMm  <taMsfoii<.i--Scho 
harie,  N.Y.) 

(humdaga  SaU  Awqk— Bnffalo,  'WHUamarUli^  WaAarrfll^  JiranlMn  HOI 

'  (Berkimer  co.)»  N.T. 

Leclaire  limettonr. — Lcclairp,  111. 

«*  GaU"  or  "  Ouelph"  /wrjMotioH.— Gall,  Uuelph  (Q.  T.  R.  R.),  C.W. 
£m0m*  FcMsrisr^  ft«es«Mi««.^Di7  HIU,  J«nnl«m  HIU  (HwkioMr  on.), 
Sharon.  East  Cobloskill,  .Judd's  Falli^ OlMny  Valkj,  CMiil^ SelMharia^ C1mIw> 

tUIc,  Athens,  N.Y. ;  Ga»p6,  C.E. 

Oritkamg  taMfUtone. — Oriskanj,  Vienna,  Carlisle,  Schoharie,  Catskill  Hoon- 
teinii  N.T. ;  Cnnberlaad,  Md. ;  Meorwtoira  and  FnaJuiiomm,  Pk. 

Camda-Galli  Crif.— Schoharie  (Fucoidcs  Cauda-QaUi),  H.T. 

Schiihmi'  Gilt. — Schoharie,  Chcrrj'  VftMcy,  N.Y. 

Vjpp^r  JJclderbery  limettoncM. — Black  Rock,  Buffalo,  WUliamsviUe,  Lancaster, 
Olwreaee  HoUow,  Stafford,  Le  Roj,  Caledonia  Mendon,  Aninini,  Onoadag^ 
Caaavillc,  Babcock's  Hill,  Schoharie,  Cherry  Valley,  Clark^villc.  N.Y. ;  Port 
Colbornc,  ami  near  Ciiyugu,  C.W. ;  Columbus,  Delaware,  fiaadnakjr,  0.;  Maeki- 
nac.  Little  Traverse  Bajr,  Dundee,  Muugnagon,  Mioh. 

JfareeUat  tkaln. — ^Lake  Bria  8hora,  ton  milaa  8.  of  Bnffalo,  Laneaator,  Aldan, 
Avon,  Leroy^  Harcellus,  Manlius,  Cherry  Valley,  N.Y. 

Humiltoti  group, — Loko  Eric  shore.  Eighteen  Mile  Crevk,  Ilainburjjh.  .Mden, 
Darieo,  York,  Moscow,  Bloomfield,  Bristol,  iienecu  Lake,  Cuyugii  Lake,  and 
Skaaaatelei  Laka,  Pumpoy,  CaienoTia,  Delphi,  Bridgewater,  Richland,  Cherry 
Valley,  Soward,  Waatford,  Milford,  P<.rtlandTille,  N.Y. ;  Widdcn  Station  ((i.  T. 
R.  R.),  near  Port  Sarniii,  C.W. ;  New  Buffalo,  Independence,  luwa  ;  Rock  It-land, 
HL;  Thunder  Baj,  Little  Traversa  Baj,  Mich.;  Kictaux,  Bear  River,  Mooaa 
Birer,  NoTft  Saotia. 

0MCMa  slate.— Banks  of  8«iiaea  and  Cajogn  Lakes,  Lodi  FalK  Monat 
Morris,  two  miles  S.  of  Big  Stream  Point,  Yates  co.,  N.Y. 

Portage  group. — Eigktaen  Mile  Creek,  Lake  Krio  eh  ore,  Cbautaaqaa  Lake, 
Qanaiaa  BWar  at  Portaca,  TOnt  Craak,  Cashuqua  Creek,  Nunda,  Sanaea  and 
Cta^jngn  Lakaiy  N.Y. 

(J|eHii("7  <fr<>up. — Rockvillc,  Philip.sburgh,  Jasper,  Orecne,  Chemnng  Nar- 
fows,  Troupsvillo,  Elmira,  Ithaoa,  Waverly,  Ilcctor,  Enfield,  N.Y. ;  Gaspi,  CB. 
,    Catakill  group. — Fossils  rara. — ^Riohmond's  quarry  abora  Ht.  Upton  urn  tha 
Unadnia*  Onaoata»  Oxford,  Staaban  ao.  aoath  of  tha  Cantatao»  N.T.;  Dlaas 
burg.  Pa.;  Pompton,  Old  Boonton,  Plucknmin,  N.J. 

Suicurbtmi/erotu. — Burlington,  Keokuk,  Iowa;  Quincy,  Warsaw,  Alton,  Kas- 
kaskia,  Chester,  IlL ;  Bloomington,  Spcrgen  Hill,  Ind. ;  Hannibal,  8t  Gaoarlars^ 
St.  Lottla,  Ma.}  Willow  Oiaak,  Battla  Craak,  Halland,  Ginnd  Bnpida,  Mieb.; 
Mauch  Chunk,  Pa. ;  Red  Sulphur  Springs,  Pitf.sburR  Landing,  Tenn. :  Bii,'  Rear 
and  Little  Bear  Creeks,  Big  Crippled  Door  Craak,  Miss.;  ClarksviUOf  UuntsviUe^ 
Ala. ;  Windsor,  Hortoni  Nova  Scotia. 
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Carhoni/eroH*. — South  Joggins,  Picton«  Sydney,  Nora  Scotia;  WUkesbaxret 
ShaanoWii,  Tanuqna,  Pottirttle^  HlnenyiUa^  TranMm^  ChMBtborf  ,  Oubondak^ 
Port  Carbon,  Lohigh,  Trevorton,  Johnstown,  Pittabaig,  Pa.  |  Pomeroy,  Marietta^ 

Zane^villo,  Cuyahoga  Falls,  Athcn?,  Ohio;  Charleutown,  Clarksburg,  K.inawha 
Salinci),  Wheeling,  Va.;  Salino  Company's  mines,  Gallatin  cc,  Torre  Haute, 
Springfield,  111.;  Bell'a,  Carey's,  and  Union  Mines,  Crittenden  co.,  Ilawodville 
and  Lewi  sport,  Haaooek  iio.,  Breeklnrldge,  Olger'a  Hill,  Molford'i  Hinea,  and 
Thonipson'tt  MIm^  Union  co.,  Proridence  and  Madisonville,  Hopklna  co.,  Bon- 
harbour,  Daviess  co.,  Ky. ;  Mufcatiiic,  Alpine  Dam,  Iowa;  LeaTanworth^  In- 
dian Creek,  Grasahoppur  Creek,  Juniata,.  Manhattan,  Kansas. 

TVitnste. — BovUibniy,  MIddlafleld,  PdrUaad,  Conn.;  Turnar'a  Falls,  Snndar^ 
land,  Ma?s. ;  PhssnixTiUe,  Pa.;  Riehmond,  Va.;  Deep  River  and  Dan  Rivar 
coal  ficl(l>..  X.C. 

Cretacenua, — Upper  Freehold,  Middlctown,  Marlboro',  Bluo  Ball,  Deal,  Squan- 
knm,  ffiwrk  Rhrer,  Monmoath  oo.,  Peasbartoii,  Vtooentoa,  Burlington  co., 
BlaokwoodtowB,  Camden  co.,  Mnlliea  Hitl,  Olovoestor  eo.,  WoodsCowB,  Man- 
nington.  Rnlctn  co..  New  Egypt,  Oorrm  co.,  N.  J. ;  Warren's  Mill,  Itawamba  CO., 
Tishomingo  Creek,  R.  R.  cuts,  Hare's  Mill,  Cnrrollsvillo,  Tishomingo  co..  Ply. 
mouth  Bluir,  Lowndes  co.,  Cbawalla  Station  (M.  A  C.  R.  R.),  Ripley,  Tippah  co., 
Kozvbaa,  Xaeon,  Konbaa  eob,  Kamper,  Pontotoe  and  Cbiekaaaw  eoaatiai^ 
Miss. ;  Tu^icaloosa,  Ala. ;  Foz  Hills,  Saga  Creek,  Long  Lake»  Oreat  Band,  Cha- 
ycnno  River,  etc.,  Nebraska. 

Eocene. — Everywhere  in  Tippah  oo.;  Yockcney  River;  New  Prospect  P.  0., 
WinatoB  eo. ;  Marion,  Laaderdalooo. ;  Bnterprise,  Clarke  eo. ;  Jaekson ;  Satartia, 

Yazoo  CO. ;  Ilomcw  I.  Scott  00.;  Chickasawhay  River,  Clarke  co. ;  Winchester, 

Rc<l  Tlliiff  Sfntion,  Wayne  co. ;  Vicksburg,  Amstonlnm,  Urownsvillc,  AVurren 
CO.;  Brandon,  Byram  Station,  Rankin  co. ;  Paulding.  Jui«j>cr  co..  Miss. ;  Clai- 
borne, Monroe  eo.,  St.  Stephen's,  Washington  eo.,  Ata. ;  Cbariaatoa,  8.C. ;  Tampa 
Bay,  Florida;  Fort  Washington,  Fort  Marlborongh,  Pisoataway,  Md.;  Marl- 
bourne,  Va. :  Brandon,  Vt. :  Cjifiada  <lc  las  T^vas,  Cal. 

ifioeene. — Gay  Head,  Martha's  Vineyar-l.  Mns-i. ;  Shiloh,  Jerloho,  Cumber- 
land eo.,  N.J. ;  St,  Mary's,  Easton,  Md. ;  Yorktown,  Suffolk,  SmithQcld,  Rieh- 
mond, Petersbnrg,  Va.;  Astoria,  WUlaactta  River,  Oregon;  8aa  Pablo  Bay, 
Ocoya  Creek,  San  Dirgo.  Monterey,  San  Joaqain  and  Tolaia  Vallejs,  OaLj 
White  River,  Upper  Mif-*<<iiri  Hr^ion. 

Pliocene. — Asblcy  and  iSoutce  Rivers,  S.C.;  Platte  and  Niobrara  Rivers, 
Upper  MiaaovrL 


L— Brief  Synopsia  of  tiiii  Mannal. 

This  synopsis  la  intended  to  serve  as  a  basis  for  a  short  eonraa  of  inrtmotion, 
aneh  as  may  be  desired  in  Institvtions  not  atrletly  seienttfle. 

I.  rNTnoi>rcTio?i.--PrivsiooRAiMnr  Gkolooy. — Page  1.  T)i<f inctions  between 
a  plant  or  animal  and  a  crystal,  or  organic  and  inorganic  indivjiluals. — 1,  2.  Tn 
what  respeots  the  earth  is  an  individuality. — Of  what  Geology  treats. — Id. 
Phyriogrqpby.— The  earth  in  its  relations  to  Man. — S.  Proof  of  oneness  of  law 
throngb  «pa<oa.  4.  Aim  of  Oeology. — InstroetUm  from  fogslls  and  atqrta. 
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— 7.  Kxi^tinj:;  forces  and  the  ancient  identieaL — Subdivisions  of  Geology. — 9. 
Importance  of  Pbjsiographio  Geology. — 10.  Fonn  of  the  earth. — Relative  extent 
of  land  and  water. — The  land  in  one  heini«phere. — 11.  Ueneral  arrangement  of 
the  ««eaiM  and  wmtiBaBta.— Oontnat  in  extent  of  the  Atlaniie  and  Padfta 
oceans  and  Occulcntal  and  Oriental  cuntiuent-*. — 12.  Oceanic  depression;  its 
true  outline;  depth. — lil.  Distribution  of  the  ciiiitincntal  areas. — -14.  Oceanic 
islands  in  ran^^es. — 15.  Mean  elevation  of  thu  land. — Subdivisions  of  the  eor- 
faoe  of  eontiBeota,  with  •xamplei.— Averafe  ilepe  of  Rooky  MowitaiB& — 
19.  Compoeite  nature  of  Mountain-chains,  and  variations  in  the  positions  of  the 
ridf^cs  alon^  their  courses. — 22.  General  chnructcr  of  Biver-cysteoUb — ^&iTtf> 
systems  of  North  America. — 23.  Positions  of  Lakes. 

II.  ParsioSBAPBic  OaoLoar,  CballitMeA— Page  SS.  Fir$t  law  with  regard 
to  the  relief^  of  eontincnts;  Seeoitd  law  id. — 24.  How  exemplified  in  North 
America. — 25.  Id.  in  South  Amoricn. — Id.  in  Europe  and  Asia. — 27.  Id.  in 
Africa. — 29.  Id.  in  Australia. — What  is  a  Continent? — 30.  lirtt  and  tccoiui 
1»rinciples  with  regard  to  the  lystena  of  eouraec  of  the  earth'e  fiBataraat  tk&rd 
principle ;  fourth  and /i/th. — Examples  in  the  Pacific  of  the  two  .systems  of  trend*. 
'.i'.i.  Charncleristics  and  extent  of  the  Pnl vn<  -i:in  Chain.  —  'M.  Id.  of  the  Au.*tral- 
asian  (Jbains. — 35.  Id.  of  the  New  Zealand  Chain. — '>i6.  Trends  of  the  Pacific  and 
Atlantie  oeease. — Cnnree  on  the  ooaek  of  Asia.— 87.  Exauiplee  of  the  qritenu  of 
tmdf  In  North  America — Id.  in  Asia  and  Europe. — 39.  Systaai  of  oeeanie 
moTements. — 40.  The  main  facts  in  the  system. — Caune  of  movement. — tl. 
Kxamplei  in  the  Atlantic  and  Pacific. — 42.  Eilcct  of  Oceanic  currents  on  the 
isothennal  lines  of  the  tropics  (Physiofrraphie  Chart). — 44.  Uses  of  the  subject 
of  oceanic  temperature  to  the  Geologist. — General  system  of  Atmospherio 
enrrcnt!<. — 45.  EflTocts  of  land  and  water  on  climate. — Effect  of  varyin<»  the 
distribution  of  land  over  the  globe. — 46.  Laws  governing  the  distribution  of 
forest-regions,  prairies,  and  deserta. — ^Examples  in  Amerloa.— 47.  Cause  of  tno 
dividual  charaotariatim  of  ooatiaants. 

III.  TiiTnot.or.ifAT.  Gkolooy. — Pago  49.  Subjects  treated  of  under  I.itho- 
logieal  Geology. — A  rook. — Organic  constituents. — Mineral  constituents. — 50,  51. 
Dirone  qnalltiea  of  the  etenaitB  of  organic  and  inorgaaie  nature* — Charaa- 
tarlatio  elements. — 51-54.  Speoii^  importance  of  Silioon;  Aluminluas;  Uaga»> 
siura ;  Calcium;  Potassium  and  Sodium;  Iron;  Carbon. — ■«.).  Character*  <>f 
Quarts;  Feldspar. — 56.  Id.  of  Mica. — 59,  60.  Id.  of  Hornblende,  Pyroxene, 
Chrjrsirfite.— Id.  of  Tale ;  Serpentine ;  Ohlorite.<-62, 6S.  Id.  of  Cakite^  Dolo- 
mite, Oypsnm. — 66.  Some  of  the  materials  of  organic  origin.— 419.  Chaagea  ia 
fossils. — 70.  Definitions  of  frn'jmcntal,  gcdimontary,  ."f ratified,  eryftallinr.  ig- 
neous, metamorphic,  as  applied  to  rooks. — 73.  Conglomerate;  Sandstone;  iShaie; 
Tulk;  AlhnriuB.— 76>T7.  OmaUa}  ChMiia;  Hlea  aehbt ;  Argiimai— 78.  Syenite; 
Horahloadie  gnain  and  sohist.— 81.  Taleose  schist;  Chlorltie  schist;  Serpen- 
tine; Ophiolitc. — 83.  Quartzito. — '^t,  S.'j.  T.iineyfone.  massive;  oolitie;  ehalk; 
granular. — 85.  Gypsum. — 86.  Igneous  rocks;  fel d spathic  and  augitic 

IV.  LiTHOi.ooiCAii  QnoMAT,  CbnfAHisrf*— Pages  90,  9L  Stratifled  neka.— • 
91.  A  layer;  stralam;  formatkm. — Origin  of  strata.— 93.  Massira  structure; 
!«hnly  ;  laminatcil ;  cumpound  ohh-and  flow  and  sand  drift  ,«trucf  iirc^. — 95,96. 
Concretionary  structure. — 99,  100.  Joints;  cleavage  or  !>laty  structure. — 102. 
Natural  positions  of  strata  as  formed. — ^198.  Consequent  principle  in  Gedogy. 
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— IM,  IM.  TUtodor  dldoettad  ■tnto;  folds  «r  flMrant^m.  Outoiop;  dl|»} 

strike;  anticlinal;  synclinal. — 106.  Clinoaiet«r. — Faults. — Results  of  deaad*- 
tion  in  obacurinj;  the  order  of  otratiflcation. — 110.  Calculating  thickness  of 
strata. — 111.  Unconformable  strata. — 112,  lia.  Difficulties  in  the  way  ot  do- 
tMrminlng  tha  ordmr  of  arrangement  of  itimU.— llS-115.  Tkr—  naana  of  detar- 
niiiatiDii.— 115w  Principles  on  which  thoralaaof  fossils  doficnilit. — 118.  Ages  in 
Gcolou'v.— 117-119.  Unstratified  rocks:  examples.— IW.  Qanaral  MtON  of 
Veins. — 122.  Dike:). — 123.  Simple  and  banded  veins. 

y.  Historical  Qkoloot. — Asoio  Timi. — Pages  125,  126.  TIree  prinoiplea 
chanwteriting  tabdirisioiit  la  all  hlatory,  whathar  tha  liaita  of  tti  Ago  ara 
narlnd  or  not  in  the  rock*. — 127.  Fourth  principle. — Fifth,  principle. — 128.  Hixth 
principle;  use  of  the  word  equivalent. — 12S.  True  l>a.''iH  the  fuldlivir-ion  into 
Geological  Ages. — 130.  The  Ages. — The  five  higher  divisions  of  Tiuiu,  oud  their 
ligDillcatioB.— Baaia  of  tha  rabdiriaioBi  into  Parioda  and  Bpoohi.— 184.  Clu^ 
matariitle  and  reality  of  the  Asoio  Age.— 136.  DiatrUmtion  in  North  Amariea. 
— l-IS.  Kinds  of  rocks.  110.  Provnlcnco  of  iron-ore. — 140-H2.  Arrnn^enlaBt 
of  the  rooks. — 143.  Their  original  condition. — Disturbanoes  and  foldings. — 144. 
Proof  tlMi  tlmra  wara  long  ages  of  quiet  la  tiw  aontaa  of  Asaia  Tfaaac— 145. 
Altarakiona  or  matanorpliiim  of  tha  rooka  {  asamplaa. — ^Tha  aziatanea  or  aot  of 
life  in  thr  A/nio  Age.— 147.  First  cxprcs«ion  of  the  idoft  of  Ufa*— BalaUona  of 
the  North  .A.iuericnn  Azoic  to  the  present  continent. 

VL  Animal  Klvodom. — Pago  147.  Names  of  the  four  Sub-kingdoms  of  aai- 
mala.— 4!haraatariaties  of  Radiataa,  and  asannptaa. — 14ft.  Id.  of  Hollndts. — 140. 
Id.  of  Articulates. — 151.  Id.  of  Vertebrate«i. — Reciipitiilation. — 152.  Protozoans. 
— Names  of  Classes  of  Vertebrates. — Characteristics  of  Mammals,  ainl  examples. 
— Id.  of  Birds. — Id.  of  Reptiles. — Id.  of  Fishes. — Names  of  Classes  of  Articu- 
lataa.  Charaetairiatiaa  of  Iniaeta,  and  azamplai.— Id.  of  8pid«ra«— Id.  of  Myria- 
poda.  158.  Id.  of  Crustaceans. — Id.  of  Worms. — The  three  Orders  of  Crosta- 
eeans,  and  characteristics  of  Decapods,  and  cxamplea.-->Id.  of  Tairadaeapodfc 
— Id.  of  Entomoatracans. — 154.  Id.  of  Trilobitet. 

VII.  Akimal  KisaDON,'  VnoBTAiLB  KmoDOM. — Pago  166.  Tha  three  inb- 
ttviaioaa  tit  Ordimtuy  Hallnalu. — ^Their  charaetariatieis  with  axaaplai. — Paea* 
llartties  of  the  Cephalnpod?. — 156.  Peculiarities  of  the  two  ^jronp-*  of  ("cpha- 
latcs. — 157.  Name  of  the  group  of  Acophals,  and  peculiarities. — The  threa 
groups  of  Anthoid  MoUusks. — Peculiarities  of  Bryosoans. — 158.  Di.'tinctiona 
botwaaB  ftmohiopoda  and  Conehifara  or  tho  ordlaary  Biralvao. — ^Tha  thraa 
ria-^es  of  Radiates. — Characteristics  of  Echinodcrms. — Id.  of  Acalepha.— Id. 
of  Polyps. — 159.  Dint incfions  of  Crinoids  and  other  Echinodcrms. —  lOl.  Dia> 
tinctions  of  the  two  groups  of  Crinoids,  the  Crinideans  and  Cystideaos. — 162. 
Ooral-fluking  Aaalapha. — 163.  Tlia  two  Ordora  of  Polypa.— Foraation  of  CoraL 
— Ghametariatiea  of  Bhisopoda.^166.  Id.  of  Spongea. — 165,  166.  Two  grand 
division-'  of  plants. — .M-ie  or  sea-weoils.— Three  subdivisions  of  Phtnogawn 
Characteristics  of  Gymnosfterms,  with  examples. — Id.  of  AngioipanB%  wUh 
example!. — Id.  of  Badogena. 

Yin.  Paiummoic  TtMUf  SiLrBiAV  A«B,  PoranAw  Pbbiob.— Paga  167.  Tint 

of  the  Pala»OMlc  AgM.    Origin  of  the  term  Silurian.— 107.  Names  of  the  tbreo 

Periods  in  the  Amcricjin  T.owrr  Filurian,  bc;rinnin'^  with  the  earliest. — IfiH.  Id. 
in  the  Upper  SUuriau. — 171.  The  two  Epochs  ot  tLe  I'otsdam  Period. — 172. 
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General  dUtribution  of  the  rocks  in  Anioricn. — Kinds  of  rooks. — 170.  Their 
structural  peculittrtUes. — 178.  Kiiida  uf  plantA. — 17U.  The  Sub-kingdoms  of  ani- 
malM  nprsMntod^^h*  nibdivialoiM  of  ProtMoaas  r»pmMitoit — Id.  of 

diates.^Id.  of  Mollufiks,  and  the  peculiarity  in  this  reispect  of  the  Mollu^can 
Sub-kingdom. — 181.  Id.  of  Articulatesi. — 182.  The  most  abundant  fossils'.— 1S6. 
Names  of  modern  genera  which  bisgau  in  the  Puisdum  Period. — 193.  Kelation 
of  Pitnordial  lif*  of  Rvropo  to  that  of  AaMrie»^lM.  Ignoou  f;)cction>,  aad 
copper  miaci)  of  Kewccnuw  Point. — 106.  Evidence  as  to  North  American 
Geography  in  the  PotHJam  Period. — 1'.*7.  Pwnliaritiefi  in  the  thicknef?  of  the 
deposits  in  the  Appalachian  region. — 1&9.  Formation  of  the  Lake  {superior 
suidfftoBe  ud  trap  rockf.— 200.  Origin  of  ttio  aaterial  of  Mm  firasvmtd 
rockn. — 201.  Id.  of  limestones. — 202.  Evidence  as  to  the  climate  of  the  Period. 
— Oradca  of  life.— 203.  JBxtfixmiaatioiu  of  lifo.— Boalitj  of  th«  Prinordtal 
Period  in  America. 

IX.  LowBR  SiLVRiAWy  ObiwIiMlMf. — Pago  205.  The  aeoond  Ftriod  la  tho  8i- 
loriaa  Age. — Its  two  Epochs. — Churucicri.><tic^  of  the  Period.— Qanwal  distribu- 
tion and  thickness  of  the  rocks. — 207.  Resemblance  of  f'nropcan  to  North 
American. — Kinds  of  plants. — 208.  The  prevailing  kinds  of  animal  life  in  the 
three  Svb-kingdoma  repreflonted.— Two  types  wholly  oofelded.— Abseneo  of  Ver> 
tebratcfl. — CharsoteristicH  <>f  Orthooaratai^Id.  of  Trilobites. — 1.1.  of  Dryotoaas. 
— 209.  Importance  of  bivalve  Crustaceans  or  Oftraooids. — 217.  Third  I'lTi.^l  nf 
the  Silurian  Age. — Its  two  Epochs. — Kinds  and  general  distribution  of  rocks. — 
210.  Klnda  of  plants. — Animal  life.— 232.  Bvidenee  as  to  tho  Oeographj  of 
America  in  the  Trenton  and  Hudson  Periods. — 223.  Subsidence  in  pmj^ress 
during;  the  formation  of  the  dei)o-^its. — 224.  Contrast  between  the  Mi^sirj-ippi 
hasin  and  tho  Appalachian  region. — Evidence  as  to  climate. — 22  j.  Explnuaiioo 
of  the  exterminations  of  speeies. — 220.  Boeapitolation,  as  to  fteoh  waters;  as  lo 
life;  as  to  the  conditions  of  the  continent— rmKlitions  of  formation  of  tho 
deposit?:  oscillations. — 227.  In.otnnces  of  iineonformubility,  and  what  they  prore. 
— Evidence  as  to  the  time  of  origin  of  the  Champluin  valley. — 228.  Increase 
of  diy  land,  and  Its  effeets.— 220.  IMstarbaaoos  in  Eampe. 

X.  Ui'PKH  SiLi  iu.v.V. — Page  229.  tient  ral  eharacteristics  of  the  Upper  8{ln> 
rian. — Periods  of  the  Upper  Silurian. — Fourth  Period  of  the  Silurian,  or  first 
of  the  Upper  Silurian. — Epoclu. — 230.  Finst  Epoch ;  general  distribution  of  the 
rooks.— Kinds  of  rook.— Life*— 231.  Seoond  Epoch ;  general  dbtribntioii  of  tho 
rocks,  contrasting  tho  Interior  and  Appalachian  regions. — Kindt  of  rocks. — 
232.  Evidence  from  structural  peculiarities. —  Plants. — 2.V>.  Most  common  Mol- 
lasks. — Third  Epoch. — Distribation  of  rocks,  comparing  the  Interior  and  Appa- 
bwlitaB  ngiont.— Kinds  of  rooks.— 285.  Plants.— Common  kinds  of  animal  life. 
—The  Sttb-kingdoms  represented. — 237.  Fourth  Epoch :  kinds  of  rocks  aad  dis> 
tribution. — 238.  Thicknos,<?  at  tho  Falls  of  Niagara. — 2.'i9.  (3cncral  character  of 
the  life. — 240,  241.  Tho  Sub-kingdoms  represented. — 243.  Geographical  changes 
in  the  Niagara  Periods— 244.  Bortew  of  tim  ohanges  after  the  TreatOtt  PeriML— 
245.  Extent  of  ohanges  or  osoillations  of  loToi  in  the  Appalachian  and  bitoiioc 
Ngions  compared. — 2IC>.  Question  as  to  the  existence  of  Innd-plants. 


XI. — Upi'Rr  SiLuiiiAN,  CoHcluded. — Page  246.  Fifth  Period  of  the  Silurian, 
or  second  of  the  Upper  Silurian.- Kinds  aad  distrihation  of  roeka,^48.  Im> 
portaai  miaofals.— Mode  of  ooeamaeo  of  tho  STpnm,  and  its  arighk— Mode 
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of  oeovmm  U  aalt-^A.  AbMOM  of  foHUt^Qoognipiiy  and  ori^  of 

the  salt  in  the  beds.— 251.  Absence  of  Innd-plants. — Cauw  of  extinction  of  tho 
life  of  the  Niagara  Period. — Sixth  Period  of  the  Silurian,  or  third  ul  the  Upper 
Silurian. — General  conditions. — Kind.s  and  distribution  of  rocke,  cuntraating  tbo 
btorior  and  AppaladiiMi  ngiont.^ — iNL  Abondaneo  of  lifow — Promiao&t  kinda 
of  Miimal  life. — 255.  Ooographyi  contract  with  tbo  Salina  Period. — 2^6.  Gene- 
ral features  of  tho  Ui>j>er  Silurian. — 257.  Conditions  of  the  fontinent. — Con- 
tnai  between  the  Interior  and  Appalachian  regions. — 268.  General  features  of 
tta  lifa.— Badiatafc— Mollaaka^— 85g.  Artienlatai.— Evidenoa  aa  to  elinata.^ 
M8l  Oialribntimi  af  ftlw  Uppar  SUariaiiw— Formatioiia  is  foreign  oovattiaa^ 
262,  283.  General  features  of  the  life.— 264.  Fishc?. — Their  appearance  in  the 
Silurian,  if  true,  in  hamonjr  with  a  general  law  in  histoiy.— 2ft5.  General  con- 
olnsiona. 

Zn.  DiTomAii  AttB^Pago  S6ft.  Origin  of  the  name  Devonian.— TranaitioB 

baliraan  Silurian  and  Devonian. — The  five  Periods  in  the  American  Devonian. — • 
Lower  and  I'iiikt  Dovniaii  ;  di->tinctii)n  in  rocks. — 266.  First  Period  of  the 
Davunian.-  Kinda  and  distribution  ot  rocks. — Plants. — ^267.  Common  Mollusks. 

Gcograpliiealooaaiiul«nt.>— Region  of  Appalaabiaa  •ttbddenea  not  an- 
bcaoing  the  Qiaan  Hmmtain  ragion.^2M.  Seeond  Period  of  tbe  Oeronian^ 
Three  Epochs. — Kinds  of  rock.«,  and  their  distribution. — 270.  Plants;  Proto- 
phjtes. — 272.  Characteristic  animal  life. — Extent  of  coral-reefs. — The  first  of 
Vertebrates. — Sub-kingdoms  represented. — New  genus  of  Brachiopods. — Animal 
xaaudni  in  bomatoneb — 276y  276. — ^Remaina  of  Fiabea.— Tba  two  grand  divi- 
sions represented,  and  their  characteristics. — The  grand  divi-xion  n<<t  repre- 
sente<l. — The  kind  of  Pelachians  in  tho  early  Devonian. — The  kinds  of  Ganoidai 
— Characteristic  of  the  tails  of  the  ancient  fishes. — 27S.  Geography. 

XnL  DnvoirL&ir  Aan,  ConelndttL—Pt^  280.  Third  Fariod  of  the  ]>avo- 
nian. — The  three  Epochs. — 2S1.  Distribution  of  the  Hamilton  fortnatton.— 282«Tiia 
earliest  land-plant.s :  thoir  kinds  and  relations  to  modern  plunt.-i. — 28-4.  Oonia- 
tites. — 286.  Qeographical  concltutions. — 287.  Life. — Fourth  Period  of  the  De- 
Tonian. — ^Tba  two  Bpodia.— Kinda  and  diitribntion  of  foeicid— 289.  lo^— <2M. 
Qaograpbioal  eoadnaiona. — ^291.  Life. — ^Fiftb  Period  of  the  Devonian. — ^Kinda 
and  distribution  of  rocks.^293.  Geop;raphical  conclusions. — 294.  Foreign  Do- 
Tonian  ;  what  called  in  Scotland. — 295.  Plants. — Animals. — 299.  General  Geo- 
graphical features  of  America. — .lUO.  Condition  of  the  region  of  tbe  Kookj 
Monntidna  and  Appalaebians^Oonditioa  aa  to  riven. — Origin  of  roelta.— 301. 
Qeographieal  changes. — Geographical  condition  of  Enr«pe. — Two  groat  stepa 
of  progress  in  tho  life  of  tho  world. — ."02.  (Jroups  to  which  the  land-jdants 
i>elong,  and  tho  relations  of  tho  earliest  Flora  to  these  groups. — Reptilian  feature 
of  Oanoida,  and  eonaloaion  thareirou  aa  to  tbo  eommanoemant  of  the  type  of 
flabaa.— 308.  Cbangea  in  the  lift  of  tbe  worid  during  tbo  Devonian  Age^— 304. 
Disturbances  closing  the  Ape. 

XIV.  CAiiBO.xiFKnois  Agk. — Page  ^Qj.  The  three  Periods;  succession  of 
phases. — Principal  areas  in  North  America. — .'iUG.  First  Period. — Contrast  be- 
tween tbo  Interior  and  Appalaobian  regiona  in  roelci. — 310.  Prominent  ftatnraa 
of  the  animal  life. — Claaaea  of  Vertebrates  represented. — The  first  .American 
Reptiles,  and  the  conditions  under  which  the  trn^k-  wore  formed.— "Ifi.  Geo- 
graphy of  North  America. — -ilii.  Resemblance  of  American  and  Foreign  Sub- 
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MilMMilferoii*. — S20.  Evidence  of  distarbancos  preceding  tbe  oext  Periods— 4lt. 

Scon  J  Ptrind  — It*  Epoch.*.— Rocks  of  the  fir?t  Epoeh. — 322.  Dintribution  of 
the  Coal  arvaa  of  North  America. — 324.  Kinds  of  rooka^  uid  proportion  between 
their  thieknen  mnd  thmt  of  the  eo«l  bedf.— 325.  Bvidone*  that  btdt  true  Car- 
boniferoufl. — 326.  Under-dayi;  trunks  of  traea. — SS8.  Kindiof  eo«L — ^Vegetable 

remains  in  coal. — 329.  Pyritea. — 333,  Kinds  of  plant",  and  the  groups  to  which 
tbojr  b«long. — Relation  in  siso  to  modem  Crjptogamous  vegetation. — 334.  Lepi- 
dodandnu— S3S.  SigiUaris.— 88T.  Calaaltaa.— Conifers.— 338.  Farna.— 343. 
General  abaiaater  of  animal  life.— Two  Classes  of  Vortabfatea  repiaaeBtad.^ 

The  three  orilers  of  Fi.-'hcs. — Kinds  of  early  Ecpfilo?. — 344,  f  The  two 
orders  of  U(i»iile!'.  jukI  their  distinctive  characteristics. — 362.  Kxunt  of  Coal 
measures  in  Euroi>e  compared  with  the  Ameriean.— Id.  in  Qreat  Britain.— 3&&. 
Balatlons  In  life  to  Amariean.  -tM,  Inaaets. 

XV.  CAMOSiPEUOirs  Age,  Continued. — Page  359.  Evidence  that  coal  is  of 
vegetable  origin. — Plants. — Evidonco  that  the  vegetation  was  land  or  frc^h-  water 
vogctatiuu,  and  nut  marine. — Coal  a  result  from  the  decomposition  of  plants. 
—Ml.  Preaeaee  of  water  essential.— BTidaneas  aa  to  dimata  and  atmoephere  of 
the  Coal  Period. — SOS.  Their  influence  on  the  growth  of  plants. — 364.  General 
Oeogrnphy  of  North  America  through  the  two  Epoch?.— "fifi.  Evidences  as  to  tbe 
pha-xes  in  the  progressing  period. — 368.  General  conclusions. — .'169.  Third 
Period  of  the  CarbonUbroas  Age. — Origin  of  the  name.— DistrHmtion  of  roeka 
in  America,  and  their  kinds*. — 370.  Life. — .371.  Evidences  as  to  tbe  origin  of  the 
beds. — 372.  Distribution  of  the  Pcrniinn  in  Europe. — 373.  Relations  of  plants 
to  the  Carboniferous. — 374.  General  character  of  the  animal  life. — 377.  Origin 
of  the  Palsosoie  rooks. — ^tMrersittes  of  the  three  great  reglmis  as  to  roeks.— 
385.  Id.  u.-i  til  tho  thickness  of  the  rock-. — Relative  dnration  of  the  Palaeozoic 
agc!<. — ?,>Ck  Pr»gre!4.o  in  Geographical  features  of  Anerien  throogh  the  Palseo> 
Boic. — 387.  Mountains. — 388.  llivvrs. 

XVT.  CAKBOMtntnova  Aon,  CmelntUd, — Pago  388.  Bridenees  as  to  extent  of 
sul  i  1  IM  C  in  the  courne  of  tho  Piil;i>o/<.ic. — 389-391.  Oscillations. — .".91.  I'p- 
lifts  and  dislocations. — 392.  Direction  of  ii<cillation.'«. — 393.  Relation  in  direc- 
tion to  tho  forces  acting  in  tho  Asoic  age. — Evidences  as  to  cutemporoneoas 
Borementi  In  Europe  and  America.— 394.  Contrast  betweeii  Baropo  and 
America. — .'system  of  progress  in  life. — 395.  Firrt  fact  stated  as  to  kinds  of  life, 
with  oxiini]>lcii. — Stroud  fact,  with  explanation  and  examples. — 396.  Third 
fact,  with  examples. — 297.  Fourth  fact,  with  examples. — Methods  of  extermins- 
tiotts. — 308.  Methods  of  extinetlon  of  triliesi  ete.— 488.  Bridenee  aa  to  axteat 
of  flexures  in  the  Coal  measure."  of  the  Appalaohians.— 404.  Tbe  whole  Palao- 
loic  involved  in  the  flexures'. — 405.  Characters  of  folds  on  the  east,  or  towards 
tho  ocean. — 106.  Facts  with  regard  to  the  Appalachian  flex aree. — Firtt ;  tcond s 
third;  /owrfJl.— 407.  Ftfthf  ti»tk  f  scrrafA.— 407.  Bzaaplaa  of  great  fhnltair-- 
408.  Pronfs  from  New  England  that  the  erjstallinc  rooks  are  Palaeozoic. — (08. 
Alterations  of  rocks  by  consolid.ition. — 410.  Evidences  as  to  dehituminisation 
of  coal. — Extent  of  crystallisation  or  mctamorphism. — Characteristics  of  the 
fbree  engaged ;  JlrH;  teemtdt  tkird  ; /amrllL—41h  Bridenee  of  identitj  of  fovea 
with  that  of  earlier  tina.^18.  Bronts  marUng  the  traasition  ftorn  tha  Prima 

toic  to  the  Mesor.riic. 
XVII.  Reptilian  Aob. — Page  414. — Mesosolo  Time. — Grand  characteristics 
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of  the  Reptilian  Age. — The  three  PerioJa.— The  first  Period.— Diatribation  of 
the  rucks  in  eastern  North  America,  and  their  kindj?. — 11  j.  Id.  west  of  the  Mis- 
ai«stppi. — 117.  Two  features  of  the  Amerioan  I'riassio. — Plants,  na  con- 
tmtod  with  the  (Mooiftrwu.— 420.  D«ioteiiclM  la  mtIm  life^Artioulat«a. 
— iSl.  CImim  «r  V«rt0kratM  mwasantod.— 4»1»  noli;  Thiw  gronps  «r  Mam- 
mals.—Two  parallel  Hubdivisiuns  uf  the  Non-maranpials. — 122,  mtte.  The  four 
«iihdivi.«ions  of  the  Megafthenca,  with  cxainplen  of  c.ich. — \'2'.\,  imtr.  Id.  of 
the  Microsthenes.— 422.  Characteristics  of  the  Fishes. — I2i.  What  evidences  of 
B«ptilM  oeenr  in  the  iMda. — 42ft.  Id.  of  Bfarda.*~42A.  Id.  of  Hammala. — 430. 
IgneiiiiM  rucks  associated  with  the  s.tnil»>tonc  on  the  Atlantic  border. — 43S* 
ProolV  of  heat. — 133.  Distribution  of  the  European  Triii.s»ic. — Salt  minc!«. — 434. 
Prevailing  forma  of  plants. — 135.  Charaoteristio  animal  life. — Vrrtchratcs. — 
438.  Cimdaalafa  tnm  pamHj  of  marine  remuna. — 439.  Id.  from  ripplo-murks, 
•to.^ — ^Id.  flrom  tiie  thieknoaa  of  tlm  l»eda. — Id.  ftom  tlm  trap  diltee.— 440.  G«n«- 
ral  coneliiMions  as  to  tho  Ufo  of  the  Period.— Oeography.— 442.  Origin  of  tlm 
Tria^-ir  wi'st  of  the  Mississippi. 

XV III.  KepTlL.iA.v  AoK,  CoHtiuHtd. — Second  Period  of  tho  Reptilian  Age. — 

444.  Qneation  aa  to  roeka  of  tiiia  period  existing  or  not  on  tho  Atlantie  liorder.— 

445.  Id.  west  of  the  Miasissippi. — ltf>.  Fi>r«  i;;n  Jurassio.— 447.  SubdivL-iiona 
into  fhre*'  Kporh". — tt?>.  Char  (cffri-'f  i'*  plants;  no  Angiospcnns. — k')0.  Charao* 
toriatic  kinds  of  animal  life. — The  last  of  some  Palaeosoio  genera  of  Uraohio- 
pode. — Ammonitee.  4M.  Belomnitea.— Inaeeta.— Chanotariatiea  of  tlie  Fiabea. 
— Ynrfatiea  of  Boptilo  life;  lehthyoaanra,  Pledoaaam^  Igoanedon,  Ptorodaetjrlip 
etc. --<5n.  Types  of  Afaminnl."  roproscntod.-— If).').  ConcltiHinns  with  rc;:ard  to 
American  Geography. — iJiffcrcnt  character  of  European.— 4(>ij.  Characteristic 
life. — Question  as  to  an  excessive  Mammalian  or  Reptilian  population  or  not, 
wlura  the  foaaila  ooenr.— 487.  Bridenoea  aa  to  elimato  (aeo  alao  page  788). 

SIX.  RirnLlAir  \<.r..  OnteMed.—Paj^e  467.  Third  Period  of  Ucptilian 
Age. — Orifjin  of  name  C'rctaceou?. — Epochs  in  America. — Di.-'tribution  of  tho 
beds. — 168.  Kinds  of  rocks. — 170.  Change  in  the  vegetation  of  America  with 
the  opening  of  the  Periods— 472.  Important  Protoaoant. — Charaoteristio  Mol- 
Insks. — 173.  New  feature  among  Fishee. — New  typea among  Reptile.-*  and  Mam- 
mnN. — Rockf"  of  tho  foreign  Crctaccoun ;  chalk;  flint. —  I'-^l.  Plant;". — 
Rhitupods. — 182.  Spioula  of  Sponges. — Fishes. — ileptiles. — ISs.  Origin  of  the 
flhalki^Id,  of  the  iiat.— 489.  Cionolasiona  aa  to  Amerieaa  Geographer.— 491.  Id. 
Foreign  Oeographj. — ^Brideneea  aa  to  elimate.— 408.  Relative  dnratlon  of  tho 
Palaiozoic  ami  Mesotoic. — 194.  Geography  of  North  America. — Decline  in  Pala-o- 
soic  feature;*  during  Mesozoic  time,  as  to  vegetation. — Id.  as  to  Crinoid.t  and 
Brachiopods. — 195.  Id.  as  to  Fishes. — Progress  in  Mcsozuiu  leaiurcs  as  to  vege- 
tation.—408.  Id.  aa  to  Cephalopoda. — 407.  Id.  aa  to  Flahea  and  R^tiles.— 400. 
Progress  in  Cenosoio  features  as  to  plants. — Id.  as  to  Corals  and  Mollusks. — 500. 
Id.  a**  to  Articulates. — Id.  n-*  t«  Vi  rteliratc. — -E.\amplcs  of  comprehensive 
types. — 501.  Position  of  tho  earliest  Mammals  in  the  Class  of  Mammals. — Har- 
mony of  tho  Fanna  and  Flora  of  an  Age^— 502.  BTidenee  of  diatnrbaneea  at  the 
oloee  of  Mesoioio  time.— 508.  Bovolntion  alow  in  progreaa. — Changes  of  level 
!n  eastern  North  Amerien  and  ahottt  the  Rookj  Ifonnt^na.— 504.  Gaoaes  of 
the  dcjitniction  of  life. 

XX.  Ci:xuzoic  TiMK. — Mammalian  Aae. — Page  505.  Contrast  in  life  l»atween 
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Cenosoio  and  Mcsoioic  timp. — The  two  Periods  of  the  Ape  of  Mammftls,  and  how 
di!i(iMgui.«h((l. — 00*1.  Lycll'ii  aubdiviitiuiid  uf  the  Tert'imry. — Sabdivisioua  uf  th» 
Auivricuu  Tertiary. — 6U7.  Ueneral  diatribution  of  the  roeka. — Kioda  of  roeka.— 
ftli.  Protophjtcs,  and  gMMtml  elwnM««r  of  othMr  pUiita.— 614.  Kiada  of  Vw. 
trhrtitCB-  SI  f>  Mammala  of  the  Upper  Missouri  Miocene. — 616.  Id.  of  the 
Pliocene  Epoch.— 523.  Importance  of  Nummulite«  in  the  Forcif^n  Tertiary. — 
525.  Contrvt  between  the  Eocene,  Miocene,  and  more  modern  vegctatiuu  of 
BurofM.— ^Sft.  First  appMnnee  of  Bnakoiy  and  oarliost  knomi  of  Bitn»peaa 
Binls.  -The  earliest  .M.iiiunub,  and  where  flr^t  found. — Charaeteriatio  of  Eoeeoo 
Muiumalii  as  stated  hy  (Um  ii. — .')2S.  The  Dinothcrc. — 5.10.  Evidence  a?  to  Ame- 
rican Geography. — 531,  532.  Elevation  of  the  Kookjr  Mountaina. — 532.  Progrew 
of  tho  Korth  AoMrkaa  ContiBOBt— 63S.  Bufopoaii  Cloognpky^BloratioB  of 
mountains.— 534.  BvldoMa  aa  to  climate  in  Amofte  aad  Europe. 

X.\I.  MAMMALIA^  Ar.r,  C<,Hcliifie<{. — Pago  5!i5.  Three  Epochs  of  the  Po«t- 
teriiary. — Drift;  evidence  as  to  ita  age. — 536.  Ita  dujtribntion. — Ita  material 
and  eharaetoriatiea. — 587.  Ita  aoorDO.— .558.  Chaiaeter  and  goaoral  direotiOD  of 
Bcniti-ln'-'. — 540.  Distribution  in  forcipn  countries. — 541.  Fiords. — The  two 
thei'rif-.  Ai ;;mn»"nt.-<  for  and  against  tho  Iceberg  theory. — M'.i.  Id.  the  (ilncial 
theory. — Ejiamplo  from  Switserland. — 546.  Geograpbj. — 547.  iSecond  Epoch. 
— Kindt  of  roeka  and  distribvtioB ;  twraooi  aloii(  livon  aad  lakoo.— 548l 
Ancient  sea-beaches.— 550.  Rolatloa  of  river-tertaooa  to  I«tc1  of  Um  rivor  tk^ 
border. — 552.  American  Gforrrnphy. — 5.j:!.  Evidence  as  to  the  temperature  of 
the  sea  and  air. — 554.  Third  Epoch. — DistribatioQ  of  terraooa. — 555.  Their 
IbrmatioB. — 557.  Oonoral  molts. — 558.  Somo  ot  tho  anfaiali  of  Bvropo  aad 
Aala,  and  their  habita. — 551.  Id.  of  North  America. — 553.  Id.  of  Sooth  Anerka. 
5CC. — Id.  of  Australi.n. — rharactcrtftios  of  flip  life  of  tho  Po!<f  ti-rtiary. — 567. 
Evidences  as  to  climate. — 508.  Time-ratios  of  the  Palseosuio,  Meaosoic,  and 
Cenosoie. — Gcographioal  ehattgoa  dariag  tho  Tntiary. — 559.  U.  daring  tJio 
Post-tcriiary. — 570.  Bjnaniioal  agaooiaa  tetaBiilod  bojoad  thoir  faiiaai  pomr 
in  the  Pnst-terti:iry. — .'>T1.  Prominent  fact  with  n ■;rard  to  the  life  of  (he  ( 'rtioroic. 

XXII.  Aqe  op  Max. — Pugoa  573,  574.  New  feature  of  the  world;  character* 
iatio  of  maa'a  atruetnro  evincing  hi«  intoUectnal  character.— 574.  Roeka  cr 
depoaita. — 576.  Lifo  that  haa  ita  enlmiaatioa  in  the  Ago  of  Man.^7A.  0<mv> 

rotice  uf  modern  Mammal!<  with  some  of  tho  Post  (>  rtiiiry. —  '77.  rh;in'_'f  iliiring 
tho  Terrace  Epoch. — 578.  Examples  of  animals  recently  become  extinct. — 5>0, 
588.  Foaril  r^oa  of  Man ;  their  modot  of  ooenrrence,  and  tho  eonclnaion  thej 
matain.— .584.  BridoBOO  of  nnitjr  of  Man  as  to  spoeioB.— Id.  of  origiia  tm  mm 
continent  only.  —  5^5.  Tho  pnrtiotilnr  <'-jit  inent  of  h;s  origin. — Sffi.  frntinntj— 
Two  kinds  of  changes  of  level. — Examplc«  of  secular. — 588.  Id.  of  paroxjsmaL 
590.  Evidoioo  as  to  length  of  Qeologieal  timo. — 592.  Proof  of  progrcaa  in  tho 
lifo  of  tho  globo.— Critoriaof  rank  among  anlsMls:  Jlnt;  aveomf/  tkirdf  /omrAf 
fifth. — 59.3.  Proof  that  the  earliest  Hpecios  of  a  gn>up  were  not  nccessnrily  the 
lowest. — 594.  Culmination  of  types  at  diHerent  periods. — 595.  Comprehensive 
types. — Embryonie  featurea  of  aono  oarly  types.— 595.  In  tho  flrtt  appearaaoo 
of  a  gronp^  the  position  as  to  grado  of  ilbm  oarliost  spaeies..  598.  Birtbiotioa  of 
ComprchonJ'ivo  types. —  I'nity  of  I'lnm*  nm!  Fniina.o  of  (successive  ncef.-  In  what 
progress  always  consisted. — 599.  E.XHmpi'-^  r,f  tho  law  of  specialisation  and  ita 
application. — 600.  Eolation  of  the  plan  of  progress  to  tho  Age  of  Man. — What 
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as  to  life  was  involved  in  the  progress  in  climate,  etc. — 601.  Genera  ran^inj; 
through  all  time  from  the  first  Pultuozuic  Epoch. — Caiue  of  extinction  of  Hpc- 
dw,  unI  of  IrlbM  or  higher  groapi.— 601.  ToMhiagt  of  Qoology  m  to  tho  origin- 
atiun  of  species. 

XXIII.  DvxAMiciL  OeOLOOy. — Page  603.  Subjoctn  treated  nf  under  Dynami- 
cal Geology. — 604.  Lifi  :  ita  protective  effecta. — 605.  It^  traniipurtiug  effects. — 
lit  doftntottvo  dfeotfc  "  606.  Conditions  determining  its  importance  in  rook- 
maUag.— LlmitiBf  iaittonoo  of  oUaute  and  adl.— Id.  of  the  natnro  and  jmitj 
of  the  water. — 608.  Id.  of  temperature  and  depth. — Kinds  of  organic  products 
from  plants;  shells;  corals;  bones;  diatoms;  Bponpes. — -fiOO.  Reasons  why 
wator-specics  have  contributed  most  to  rocks. — 611.  The  grade  of  species  best 
fined  for  roek-iaakbig.— Molhods  of  fosriliiatten.— 618.  TIm  molhod  of  rook- 
making  in  the  case  of  minnte  fossils. — Id.  in  the  case  of  ooralsand  shells. — 61S. 
Formation  of  peat — 61-1.  Caujcs  limitinf^  the  distribution  of  coral  roofs  and 
Islands. — 615.  Doacription  of  a  coral  island. — 617-619.  Formation  of  tbo  coral 
■tmetanw— 6M.  Kindi  of  ewal  reeft.  ML  Bstoak  ai^  tMekaasa.  622.  Origin 
of  tha  9ma»  of  roeflk — 6S4.  Roeapltalatloo.— 62iw  CoBBSira  ATTHAonoM :  its 
identity  with  the  power  of  crystallization. — 026.  Cleavage  in  minerals  aad  ill 
rocks. — Cause  of  the  concretionary  structure;  ori^rin  nf  the  columnar  forms  of 
t^^>. — 628.  Tue  Atjiospuere:  its  destructive  effects  through  the  truuspurtation 
of  lands.  629.  Ita  uetliod  of  addlag  to  laada^Dnnai.— Dast-showora.— 662. 
Effects  of  chaagai  la  atmospheric  pressure. 

XXIV.  Watkr. — Source  of  the  water  of  Rivers,  and  the  condition."?  on  which 
the  amount  depends. — 634.  Law  of  flow  of  a  stream. — 635.  Katioof  tbeforceof 
nmalng  walor  to  tbo  Tolodty. — Gonoral  ofaeta  of  oroaion.— ProgroM  of  oroaion 
in  forming  valleys. — 636.  Distinction  of  torriiit*|Mrtlon  and  river-portion ;  flood- 
plain.— 6-'^7.  Modifications  dependent  on  the  nature  of  the  rock-. — GlI.  Pot-holes. 
— 042.  Materials  transported  by  rivers. — 043.  Extent  of  denudation  over  a  conti- 
nent—Wearing of  ston«a«->Amo«nt  of  liH  annaally  oaitM  to  the  Mexican 
Chdf  t»7  tho  Hiaiiaaippl.— 644  Raft  of  tho  BmI  Rivor.— Origin  of  allnTial 
formations,  and  their  features. — G15.  Origin  of  deltas. — 647.  The  manner  in 
which  waters  become  subterranean. — 013.  The  principles  on  which  .\rtcsian  wells 
are  based. — 64U.  Erosion. — The  three  kinds  of  land-slides. — 650.  Tho  Oceah: 
means  hj  whieh  tha  oeaan  ozarts  maeiianieal  forea. — General  qrstem  of  aanaata) 
their  universality,  rate,  and  position.- — 0:12.  In  what  way  their  positions  nigllt 
bo  changed. — Simpler  tidal  actions. — G.fli.  Translati'm-character  of  wave*  on 
coasts. — In-flowing  currents. — Kagro. — Out-flowing  currents. — 054.  Waves,  their 
force.- Sarfooo-enntnta  aaaaad  hy  windf^-6S6.  Undar-enmnts  id.— Barth- 
qnaka-wavaa. 

XXV.  Water,  Cowhuhrl. — Erosion  by  currents. — 656.  Btoaion  by  wares ;  its 
extent ;  height  of  lino  of  greatest  action  above  low-tide  level. — 6j7.  Amuunt 
of  transportation  hy  oceanic  currents,  and  tho  materials  transported.— 058. 
Trantpoitatfon  bj  waTOi.— 656.  Votnationi  oror  tho  bod  of  the  oeaan. — 660. 
Formations  on  soundings  and  along  aoaals.-^ct ion  of  tidal  and  wind  cnrrenta 
in  determining  the  forms  of  accumulations. — 601.  Results  fr'<m  the  combination 
with  those  of  the  currents  of  rivers. — 602.  Tho  consequent  features  of  the  eastern 
coast  of  fha  Vidlad  Ststaa  664.  Baaabas;  ripple-mar]a.<— 665.  Obliqno  lami. 
nmtios;  rill-marits. — Erosion  during  tha  slow  sinking  or  rising  of  a  continent^ 
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or  when  sligbtlj  submerged.— 666.  EflfcctA  if  the  surfnce  of  a  pontinent  is  n«tnr1j 
level,  there  being  no  moantauu. — 667.  Nuturo  of  Glacikks. — 670.  Uoncnil  ch&- 
iMtm  umI  iiMvwnent.^71.  CinmmaHuMm  iaflveaelttg  their  fonutiiHU— 471 
Law,  nnd  rato  of  flow. — ft73.  The  throo  principles  on  wbich  the  power  of  motion 
depends. — 674.  Cause  of  the  Intninatcd  j<tructure  of  a  glncicr. — G76.  Method  of 
transportation,  and  the  materials  transported. — 67C.  Kinds  and  methods  of  cro- 
•iMi.>-677.  OrigiB  and  effeota  of  IcnsRat.— 67a.  Htthoda  hj  wlddi  MdioMoUiy 
strata  huvo  lu-cn  formed. — 679.  Extent  of  eroi>i(jn  over  oootinents. — 680.  De- 
pendence <if  topographic  effects  on  tht'  oharacteri.-tics  of  the  rock?  of  a  country, 

XXVI.  Heat.— Pago  681.  Three  sources  of  heal. — 682,  Eflccts  of  the  sun.— 
Id.  of  ebemieal  and  meohMiieal  Mtioii«>-Bflcet«  over  the  globe  of  internal  heat. 
— Proofij  of  the  existence  of  internal  heat. — f)S3.  Rate  of  increase  with  the 
depth. — Evidence  of  internal  he  it  from  volcanoes. — 6S4.  Probaldc  thickness  of 
the  earth's  crusL — 686.  A  volcauu ;  lava ;  cinders ;  crater. — Igections ;  tufa. — 
a«DanI  gaogtaphioal  diitrihation  of  rcimnott,  and  whara  faw.— 687.  Material 
of  •  Toloanic  mountain;  lava-cones. — 089.  Tufa-conai. — Cinder-coDe.<.— <*i90. 
Mixed  cones. — Lara;  eooria. — 691.  Liquidity  of  lava;  effects  of  superheated 
ateam. — Vapors  or  gaaea. — 692.  Effects  of  vapors. — 693.  Movements. — 69l,69i. 
— Cantee  of  omptioni. — 6V7.  Bmptiom  meetly  through  flararae,  and  reealta.— 
698.  Origin  of  furms  of  voUanic  tM)nc.>. — ^700.  Qcyi^cT». — Source  of  volcanoes.— 
702.  Formation  of  dikes. — 704.  MetuniDrjihism.  —  Effect.". — 70.'>.  Changes  by  lo** 
of  water,  or  other  vaporisablo  ingredient. — 706.  Obliteration  of  fossils,  and 
aiyctalliiatlon.— 707.  Origin  of  metamorphie  ehangaa;  amonnt  of  heat  reqnired. 
— >708.  Effects  from  the  water  present. --7 1  <X  Conditions  attending  motunior- 
phism. — 711.  Veins. — 712.  Time  methods  of  filling  veins. — The  method  by 
which  the  larger  part  of  veins  have  been  formed,  and  evidence  of  filling  by  sac- 
eaedva  anppliea  of  matatiaL— 71S.  Bovreaa  of  matarialf  and  how  aarriad  into 
open  spaces.— 714.  Altontionf  of  TdBs.— 715.  Faoltod  veins. 

XX\'II.  MuvrwrNTs  in  the  Earth's  Ciu  st,  am>  thf.iu  Coxskqitkncks. — 
Page  71C.  The  four  subjects  here  included. — Causes  of  local  change  of  position 
or  lavaL— 717.  Action  of  vapora;  of  gravity  of  depoiiti;  of  internal  tides. — 
718»  Eflbota  ftom  change  of  temperature  in  the  earth's  eru-tt,  and  examplaa.— 
719.  Consequences  frmn  inequalities  in  the  crust. — Effects  how  long  in  progress. 
— Direction  of  the  force,  and  positions  of  tbo  axes  of  resulting  plications. — 719. 
Bzample  in  the  Appalaebiaai  (see  pp.  403-407). — 721.  FloxibOity  of  roekf»  and 
evidence. — 722.  Formation  of  ^ynolinal  vallc.vf. — Elevation  of  mountains. — 
Proof  that  the  epochs  of  elevation  occurred  only  at  lung  intervals. — 723.  Effects 
during  the  intervening  time. — On  what  the  water-level  depends. — 724.  Courses 
of  elevations  may  lie  the  same  in  diiferent  periods,  different  in  diffnant  periods, 
different  in  the  same  period. — 725.  First  five  causes  of  fractures  mentioned.— 
726.  The  »M-/A  eou^c. — The  »'tv  h/A,  an»l  its  mode  of  action. — Direction  of  frac- 
tures.— 727.  Causes  of  faults,  and  mode  of  formation. — Mode  of  production  of 
alaty  cleavage. — 728.  Id.  of  Joints  in  rooks. — Charaeteristtea  of  an  aarthqnaka. 
—The  two  kinds. — 729.  Effects. — Earthquake  oceanic  waves. — 730.  Cause  of 
earthquakes.— 7;n.  Fir*t,  »iri>»d,  third,  fourth,  tinAfffh  principles  mentioned  as 
to  the  system  in  the  earth's  features. — Tho  «ixrA. — 732.  Iho  »teen(k. — The  cigJktk 
and  ainik— Tha  teaf  A.->l>adaetions  aa  to  tha  dlraetion,  poaition,  and  mode  of 
aetioB  of  tha  foiea  orlgiaatinf  thaaa  ftatnret  or  paenliaritias  of  tha  aarlh.— 734. 
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DediMtioBf  from  the  eoonw  of  the  nllcft  ud  oatUnec — 736,  AppUmdon  to 

Xorth  America. — 7^.7.  Origin  of  Epochs  or  tnatiUoM  bx  geological  history. — 
Probable  causes  of  the  (iccular  changes  in  the  climate  of  the  globe. — Accordance 
of  the  earth's  progress  with  the  universal  law  uf  developmont. — Effects  not  due 
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J. — ^AuthoritieB  for  the  Sections,  Views,  and  figures  of  Fossils 

in  this  work. 

The  following  are  the  authorities  for  the  more  important  illustrations  of  this 
MsaasL  The  works  meationod  sre  thoso  from  whieh  the  flgoreo  or  riewi  hare 
bom  takoD;  and  although  generally  the  original  publications,  they  are  not  all 
so.  When  the  figures  have  been  made  from  original  drawings  not  before  pub- 
lished (the  fact  with  regard  tu  about  160),  the  reference  is  distinguished  by  an- 
nexing a  point  ^  interjection  (!).  Many  of  the  new  flgaret  by  Moek  nndortho 
Hoaosoio  sad  Omoioia  sN  fkoni  •  iBMittwript  P^ontdo^esl  Boport  of 
Lieut.  O.  K.  Wnrren's  E.xpcdition  to  the  Upper  Uissouri,  by  Messrs.  Meek  and 
Hajden,  the  publication  of  which,  unfortunstdy  for  soiencfl!f  has  been  deferred. 

1.  Li»t  9/  tke  work»/rom  wftjeA  (Ac  UtrntrnUmu  Aose  been  taiwN. 
Antiionj,  J.  O.  t  Amer.  Jonr.  8eL  [2]  i. 

Anthor :  Report  of  WOkos*!  Exploring  Bzpodition  on  Ooologyi  id.  on  Zoo- 
phytes ;  id.  on  Crustacea. 
Bailey,  J.  W. :  Amor.  Jour.  ScL  [2]  i. 
Bajlo:  BttlL  OeoL  Boo.  do  Franee,  185<-7. 
BilUags,  E. :  Rep.  OeoL  Canada;  Canadian  JooraaL 

Bronn,  11.  (».:  Lethsra  Geognostica. 

Bucklaud,  W. :  liridgcwatcr  Treatise.  .  •  . 

Buckley,  S.  B. :  Amer.  Jour.  ScL  [2]  iL  •  M 

Bnnbnry,  0.  T.  F.:  Amer.  Jonr.  ScL  [2]  iL 

Conrad,  T.  A. :  Jour.  Acad.  Nat.  Pci.  Philad. 
Cox,  E.  T. :  Owen's  Kfj..  (lenl.  Kentucky,  voL  iiL 
Darwin,  C. :  on  Coral  l:«luuds. 

Davidson,  T. :  PnblieatJoBS  of  the  PalMoatograpUeal  Sodity. 

Dnwson.  .T.  W. :  Acailian  Geology;  Quart  Joom.  OooL  8o«. 

Do  la  Becho  :  Geological  Observer. 
D'Orbigny,  A. :  Pal^ontologio  ot  G6ologie. 

Edwards,  M.,  and  Haime:  Pnblieationt  of  tho  Pal«ontograpbieal  Sooioty; 
ArehiTOi  dn  Mus.  d'Hist.  Nat. 

Emmons,  E. :  Rep.  Gc-.l.  X.  York  ;  Rep.  Gcol.  N.  Carolina. 

Foster  A  Whitney  :  Ilcp.  Gcol.  Lake  Superior  District. 

Qeinitx,  II.  B.;  Verstein.  des  deutschcn  Zechsteingcbirges,  etc.  1848. 

Gibbos,  R.  W.:  FosaU  SqnaUdm  of  United  SUtea,  Jonr.  Aead.  Nat  8«L 
Philad.,  1S49. 

Hall,  J. :  Re|i.  Pala^ontolo^^'v  of  X.  Y. ;  Rep.  Oeol.  lowa;  Regents'  Rep.  on 
State  Cabinet  of  N.York;  Canadian  Nat.  and  QeoL 
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Hitchcuck,  E. :  Rep.  Gcol.  Map?nchu?ctt<< ;  Fossil  Footmarks,  4to,  18-18;  Ich- 
aologj  uf  New  Englaud,  4to,  lii&8;  On  Surface  Qeologjj  Amer.  Jonr.  ScL  xt. 
Bitohooek,  Jr^  E. :  Aner.  Jour.  8oL  [2]  xx. 
HuaiboMt:  AtlM  dw  KlaiMNB  Bekrlltcn,  18U. 
Ires,  J.  C. :  Colorado  Exploring  Bxp«dltioil. 
Johnston,  G.:  On  Zoophytes. 

Jones,  T.  K. :  Palaeontology  of  Canada,  DwMde  III. 

KoDliiek,  L.  de:  Anim.  Fon.  Onrbonlf.:  BMlumhM  An.  Vo«.;  Mob.  Pi»> 

dootus  &  Chonctes. 

Lea,  I. :  F(i--!l  Fnotrnarks  in  the  Red  Sandstone  of  Pottsyille,  fol. 

heidy,  J. :  Trunii.  Amcr.  Phil.  Soc.  PhUad. ;  Smilhsuuiun  Contrib.,  1853. 

Leslej,  J.  P. :  M SDntl  of  Coal,  and  ite  Topognpbj* 

Lesqucrcux.  L.:  Rogers's  Bap.  OmL  Pmum.;  OwMi't  R«p.  QteoL  KwtBoky; 

Owen's  Rep.  (Jcol.  Arkan.-'ni«. 
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K. — Scientific  Nomenclature. 

Ai  wnnb  <lcrivo(l  from  the  Greek,  whether  Latin  (the  langungro  of  the  nomen- 
olature  of  2taturiil  ticicnoe)  or  English,  are  often  written  incorroctiy,  some  of 
Um  mora  oommon  hiIm  of  orthography  uo  ban  naatkmad 

L  The  Greek  «  baooniee  e  in  Latin  and  Bngliah.  Thus,  from  Kwywr  (Ukeifla) 

comes  Cicero;  from  KtfrfMy  (kcntron)  cornc  iftitrunt  in  Latin  and  OealTt  io  Bog- 
lish.    Other  examples  are  circle,  ctjikalic,  microocope,  catalogue, 

S.  The  Onak  «  baaamai  m  in  Latia  asd  «  in  English.  Una,  tnm  mim 
(aither)  come  mthtr  in  tha  foraur  and  «lfter  in  tha  lattar;  from  (kaiaoa) 

and  ^ttxiy  (zoon)  coinoi'  'rwizatr  ,•  from  iripniHii  in  Latin  comps  equn!.  fr'im  irdifi- 
eium,  edijice.  Palaeontology  would  be  correctly  spelt  PaUontolo<j]f,  although 
aridam  n  dona^ 

3.  ThaQraakthaeoaMaaiinliatinaiideiOTetnBngliah.  ThnayftomeaaMipia 

(oikonomiii)  come  rrronomia  rind  emnnmy. 

4.  ThoUrcck  v  becomes  y  in  Latin  and  English.  Thus,  from  irf>«;|'i(  (^unopsis^ 
oomos  tynvpaiaj  from  ^vriXo;  (mutllos)  mytiltu;  Atom  Aiyvms  (Aiguptos)  ooaa 
JBglfptMM  and  JS^fjfpt* 

5.  The  Greek  termination"  oj  and  o¥  become  in  Latin  m«  and  um. 

6.  In  compounding  wurdis,  the  first  one  takes  the  genitive  form,  and  if  Greek* 
o  is  made  ita  final  letter,  if  Latin, « y  but  this  rowel  ii  in  aaoh  oaao  dropped  wh« 
the  fidlowiag  void  heglaa  wiUi  a  towoL  Thniy  ftom  m  (gen.  ems)  and 
comes  Ontolofjjf,  as  in  the  word  Pnlwontolofry ;  and,  in  the  same  word,  the  first 
part,  derived  from  vaXoMn,  loses  the  final  o ;  from  enut  (gen.  cmcit)  comes  cmet* 
form  J  from  ^enna,  ptmuiform  (not  pcnHmform). 

7.  Speeifla  namaa  naaied  after  a  loeaUty  dioold  and  ia        aa  Cbaoabasis 

from  Canada ;  uftcr  nn  individual  not  the  discoverer,  in  nnun,  ns  Snynnu*  frOB 
Say;  after  the  dii^covcrcr,  they  should  take  the  form  of  the  genitive^  aa  Faa* 
itzMNi*  from  Vonuxem. 

The  initial  letter  of  Bpeeiile  names,  in  thla  Manual,  hai  been  made  a  capital 
when  derhrad  from  tha  aaaie  of  a  plaoa  or  that  of  a  paiaQii»  and  whan  a  mh> 
atantira. 
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Acantli<>t<>uthii<,  i&L 

autiquiis, 
Acpii)on!*t>r<)i(i.H,  igO.} 
Acephala,  \hh,  UZuJ 

ranxe  of.  in  time,  4QL 
Acid-iipring,  •24S. 
Acroilontis  3iti.} 
Acrulu*«  mininiiis,  '277  * 

nobilis,  '277.* 
AcrmtiiotiitfM  oblongua,  420.. 
Acnijfen-",  \*V\^ 
Acrotrota,  IM. 
ActiniA,  m,*  16.Tj 
Actinoid  P«dyp«riw-i 
Actinolitp,  tWJ 

nK-k.  7>rg 
Actinocrinus  Chriityl,  -^l^.* 

lonjfiniMtrls,  llil*  SLi.* 

prulMKtciiltiilii,  -'tl •-'  * 

tcnuiraiiiatiiit,  :3£L 

unicorn  is,  liLi!.* 
Actlncioycliui  bioctonarinii, 

ActinoptychiM  bitemarius, 
hVl* 

■enarina,  ISO,*  &12^ 
Adeloniys  5^ 
Adin>ndark  iron-mines,  IIL. 
AVhnitMliui,  m  * 

^piurniii,  58Q. 

Atiiupbyllum  Hpocioflum,  iSL 

xtipul.-vro,  l^L 
Afririi,  rretacvcnu  in,  -ISl. 

iiyKt<«m  In  rt'lief*  ol^ffl^ 
Agaliniitnlltr,  m.} 
Agauiz  on  critoria  of  rank 
anionx  nnimnlfi,  LSCL 

on  (intioiil  tifth,  28a 

on  giacicrii,  <>7i>, 

on  fisbefl.  rSTES. 

on  nyntliotic  typcn, 
Agate.  55j» 
Age  of  THdies,  2aiL 

of  MonininU, 

of  M«n,  fiLL 

of  Man,  reality  ot,  ^iSX 

of  Mollniku,  llil 

of  Reptil.  *.  ALL 
Agcii,  nnniofl  of,  130. 

milHllTl.'tion  into,  llft^ 
Agnostns  American  tu.  luJ. 


AgnoatiiH  Canadenais,  192a 

loliatiin.  •Jli>.* 

Kc'X,  ltf4« 
A^ochcenw,  U.  Mimonri,  IlUL 
Air-breatliers    in  Deronian, 

Aix,  finlien  of,  529. 
AlabaHiii.C^rl><iniferotiain,322. 

ainton  In,  £iL 

coal  in,  'Sii. 

Crftm'ooiw  in,  470. 

Ilmiitctn  In. 218. 

Millstone  ^it  in,  222. 

i^ulirarbonifiTous  in,  SQSL 

Tertiary  in,  affi. 
Albert  coal,  300. 
Alblim  Kroup, 
Albite,  5«Vi 
AIca  iin|M'nnm.  ^tSiL 
Alryoiiinni.  I|i2.j 
Al<y"n<i4il  P<^Iyp»,  1»3j 
AletlKtplerit,  .'fis,  Ikia. 

binrliitidmTaW.*  ai2> 

nmrslnata,  ;U2. 

8erlil,  USiL 
Aleutian  iHlnndn,  Sfi. 
Algie,  1«V).  lOTJ  lia. 

inlTanilltnn  licdfl,  282. 

only  plantA  of  I'otjdam 
Perl.«l,  lis. 
Alletthnny  p|M)ch.  .TOQ- 
Allorisnia  .Minnehaha,  2ZL 

fiut>cuneAta,  .'US.* 
AUuTial  formationa,  origin  oX, 

644. 
Alluvium,  Ii4 
Alpx,  eh-vation  of,  52^ 
Alnmininm,  (i2 
Alum  fili!ili%  71 
Amlwr,  tW  j 
AmauropAiH  paludinteformls, 
47». 

Amblyrhynchnn,  400 
AmlMinyriiiii  lM>IIUtriata,212.* 

nulinta,  'A?!  * 
AmbuLicral  plocea,  l.^Oj 
America  and  KurojHvlifliTcnce 

in  pntfcreM  of,  .'CU. 
America,  mmn  bcifcbt  of,  IlL 

•ubmerKvd  eastern  Ixinler 

of,  asA. 

nystcm  in  roll<'f^  <>f. '2A*. 
the  f  in-sl  ciinlin<'iit,  201. 
trends  of  land  of,  2Zl 


American  character  of  Miocene 

I>lant)t  of  Europe,  &2iL. 
Amethynt,  564 
Amia,  28<t.| 
Amianthui*.  ffl.} 
Ammonites  IMl  4aO,472;4fleL 

AllencuiU,  IfiS. 

bifrona,  iiU. 

biplex.  446, 15a. 

blsnlcatUR,  4  i4.»  MA. 

Dopitenii)*,  4s7. 

BniikiMiridicii.  rkil. 

Burklandi.ilU. 

buUatu«t,!lM. 

OUIdvIauuh,  ififi. 

catenutUK.  4<u 

complex  UH,  410. 

concavuA,  446. 

Oonybtsarl,  4fi4- 

cordatuB,  4fML 

cordifiirmift,  44<J.« 

coronal  UK, 

declpienf*.  Afi&. 

Delawarcn.Hi^,  US. 

Didayanu»,  4^7. 

DIhcui*.  if  a. 

Ihimnoianufi,  487. 

galratUN,  A^j . 

cifOtntenit,  4a&. 

heterophylhiii,  ifi4. 

lIunipiirey!«ianuH,  460.* 
4<u 

Ja»on.  4^)* ioa. 
Lew<Mii<ni«iM,  482. 
lobatus,  47t>. 
margnritatui*,  454.  4fl4. 
Mi-nintocki,  44(>. 
N«Kl<>tiann><.  i&L 
pcrcarinatuH,  US,  487- 
PUui-jita,  477.*  47fl. 
plicatills,  4fiCL 
prfoloii^  487. 
radians,  44'4. 
refractiw,  4iifl, 
rotundiiii,  41^ 
KtT|M-ntinu\  404. 
fliniplcx,  4M7. 
ipinntiiK,  4<U. 
Htriatnlu^  460, 4fiL 
Tethyn.  487. 
Texanu.i,  47 ». 
tomatn*,  A-XS  a 
Vandwki.  4H7. 
TeqwrtlDuii,  4Ii  47?,  481. 
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Ammonitcii  Woolj^ri,  ^SL 
'\ViMiii's»enttki,  4M. 

AuuiiDuiliilw,  nrat  ot,  302. 

Anicpba,  lt>j,  749. 

Ajiipliiliinnr, 

ciilniiniition  Jr,  497. 

Anipbibiiin,  ourlieitt  Aniericmn, 
•tlo  * 

Amphibolc,  b^A 

Anipliicyuii,  519, 528. 

Amphipij'lit,  VMjj^ 

AniphistepiiiivML? 

Auipbitboriuin  BroderipU,  to3. 

Ampliiiinin, 
Anipyx  nuduH,  dUL* 
Amjjjuliili.i.l,  r.oo.} 
Am>'g<lal»iilar~^viUM,  fllling 
715. 

AnalMicia  Orliulitco,  468. 
Atwlclnn-.  tVJi 

AnanchyteTdnctiiB,  47i.  iZfia 

fiiiittriiilui»,ilfi. 
Anntifii,  Tf>4» 
AiichilKpuM,  .'i29. 
AnchitlKTiiirii,  423.  519.  S2B. 
ApcyliK-rrn^,  47Jy^iiiL 

Matlieroiiiauiui,  4>t5.* 
Andithixilf,  5S.g 
Aiidriiui  Sclit'uchzerl, 
Angii)M|HM-iim,  IWJiaai 

flntt  upiH-aran/'o  of,  470. 
of  TtTtiary,  £tLL 
AnKlo-l'nriHiaii  biutin,  502,  523. 
Anliydrito.  C4.g 
Auiinnl  kingdom,  147 .| 
Animals  niul  pluiiU,  dbtinc- 

tionn  (if.  747. 
Animalfl,    rritt-ria    of  rank 
anions, 
extinction  i>f  appcioM  of.  in 

uuNlcrti  times,  ."iTS. 
of  IVxtt-tiTtiary  c<»tcn>|>o- 
rniu-oiiK  with  man,  676, 
677,^7s.  :m. 

By«t<-ndi'!<s  597.  74j<. 
Anisopii!*   LK-Wfyiiuiu,  i27.* 
4J9* 

gntcilis,  427* 
Annuliiria,  :U1. 

cariniita.  :>74.* 

ipli(<iiopliylluidcii,  212. 
Anof^fOH,  l6C.a 
Aiiolax  gigaiifca.  517. 
AnonitUoryxtis,  i'.'kI.* 
Anitmia  ItiifHiii,  f>21. 
Anunnrpiis  sc;iird'U»,425,428.* 
Anciplotliort'.  q;Cu 
AnoiilDtborium  on  Ungulate, 

4'J?.g 
AnortnTTeTiiLJ 
Ant-eator,  42a.; 
Antelopo,  -TZTTTSiSL 
AntbophylTTfr.  Utf. 
Antbrar ilc,  f.K.?  3fiQ. 

of  tbv  ('ulcifiTiiU:)  rocks  of 
New  York,  7.^4. 
Anthrn('i<|ta]ii>uiundubiiia,25^ 

tJrtiKwirti,  U5a 

Pall.ri,  TAT* 
AntlrlinrU,  1(15.} 
Aulictwti  rucKs,  ^A,  ^ 
2U 


Anticosti,  ainton 

Iludmiu  in,  218. 

Oneida  at,  2dlL 

Medina  in, 
Anvil  Ituck, 
Apateon,  'J^^J^ 

IMxlmtria,  SfiS. 
Aftatite,  y)!>\ 

A|>ennine«.  elevation  of^  S33. 
Aplianite,  77j  79  j 
Apldeliiu,  .'t-'t.') 
ApitK-riniu  eleRHnH.  KU. 
I*urkin»<.>n!,  li^L 
rotuudu«,  4<u 
KoTiMdanuB,  A.'W* iftft. 
ApiocyHtiB  Uebhiu-di.  263,*  2Gi5. 
AppaWbijin  and  Illinois  ctwl 
[  n)(^ai!uretl,  equivalency 

of,  32iL 
cool  field,  2ilL. 
fault*,  l'.*"*  4^>7.7aO. 
flexurce,  rnariutem  (if.406. 
region,  197,  222,  'i^  2^ 
•2t-<s.  :£SL  OTT  316,  55?. 
351 3».t.  £iir 

revolution,  iua. 
Appalnchiani,  ideal  section  oL 

405. 

not  existing  in  Devonian, 

AporrhaiM  Anioricana,  477< 
Apteryx.  5>iO. 
Aptian  KToup.  4(iO. 
A]tu»  duliiu.H, 
AraKonite.  f)3.g 
AraltvCAMpliitTdepoiiits.  S2L 
Araucaria  CunninKbami.  IiWl* 
Aratioarian  i'inea,  lC6,j*  'XU. 
Aratiwiriten.  .'837. 
Area.  .T5«.  31KL 

carlMinnria.  348.* 

hian.H.  5  >;.* 

lienoHii,  522. 

Mi.HMiiwippienRiR.  518.* 
ArcboMiridarif*,  K'li* 

Xoi  womli,  313.* 

Hlinniardann,  'M2.* 

Worlhcni,  31 2.* 
Arclm-oryatliui  Atlanticm, 

Minp»nen»l«.  m.l90.1t>3. 
ArcliR>oniM  iii«  Urudiei,  4(.l  * 
Arfliaic  poritxl,  6^3. 
ArrbeKiM-iurnn,  345  j 

Decheni,  35S7^ 
Arcliiniedes  ailL 

revernn,  313.* 

Wortbrni,  .113.* 

linientone,  'Jifl. 
Arrbonti*.  422.3 
Arctic,  CnrlKinlferous  in,  324. 

Cbazy  in.  2tX>.  ZLL 

climate  of.  224.  280.  362, 
4«'i7.  5C7.  TTPT 

CornifeniU!)  in,  280. 

Crel.n  roun  in.  4C7. 

Ico  of.  GIL 

Jumnyic  in. 

Jur:iMtio  reptileN  in.  738. 
Niapira  in.  2.'iS,  2kL 
Posit-tertiary  of,  549,  jSL 
Trenton  in,  2u7,  Tit. 
Arctomy*.  52'J. 


ArenicoU  PiMatomm, U&* 
Arge«  onnatua.  297 .* 
Argiilite^  76,  77.^ 
ArgouAUtA,  ISftf 
Arionellufl  cvllndricQO.  IflS. 

Oweni.  Uig. 
Arisaig  rocks,  2UL 
Arkanaaa,  Azoic  In,  IflCT. 

Carlxmiferoua  in,  S& 

Cretaceous  in.  MB. 

lower   rocks   above  tbs 
Potsdam  wanting,  24.S. 

8ubcarbonifen>us  in, 

Tertiary  in,  510. 

Millstone  Urit  in,  322. 
Arkooe,  S3.j 
Amiadil  lo,  423.| 

group,  Potft-tertlary,  566. 
ArteMian  wclln,  f4»>.*  tiisi 
Artbrophyrtui  Ilarlani^  '-gta* 
Articulate*.  149.  i:)2J 
Artio«lmtyls,~Ca?~^ 
Arvicido,  529. 

AsapbuN  gigos,  210.*  216.*2M^ 

illKnoides.  IfiSL 

megiiftoo,  220,  '23SL 

obtusus,  "illL 

I'owisil.  216.* 
Asbenttis,  (*>.i 
Awidiun*, 

Aebburton  group,  2^ 
Asia,  Cretaceous  in.  Ml 

Jurassic  in, 447. 

system  in  relied  of.  2&Ji 

trends  of  land  of,  3&. 

Triassic  in,  440. 

volcanoes  of  central,  687. 
Aspbaltic  coal.  t'>h.{ 
Aspbaltum,  composition  ot, 

Aspidorbynchus,  4f>l.* 
Anpidnra  loricata. 
Asplenites,  33s  J 
Aotarto  Conradi.  filL* 

elegans,  MiL. 

Lnurentiano,  1^2. 

minima.  469.*  4ft&. 

ovata,  4fi5I 
AsterioM,  liHL 

Antbonii.  22].* 
Asterioids.  159.?  ICO. 
Asterophvllite«:  341^356. 

ovatUM,  341.* 

parvula,  ISSL 

BUbleviM.  :m.* 
Astrwa,  IG^  fil£. 

Orion,  Ijfi. 
Astroccenia  8ancti>^be,  114 
Astylospongia  porvulo,  2LL 
Atncania  di<f>ert, 
Atbyris.  Is2.» 

conge^ta.  2331* 

lamolbisa,  .'ilW* 

spiriferoide*.  2S4.* 

Bubtilita,  34S.*  357.  SfiL 
371. 

Atlantic  Iwrdor  of  continent 
under  water,  3S.V 
bonier  region.  41.".. 
currents.  41^  « <JlL 
current!!  in  Potsdam  Pe- 
riod, aou. 
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Atlantic  Ocpan,  IL 

trentU  of  UUnda  of, 

Atn>iMph«re.  agency  of, 
currents  of, 

of  tliv  C4irlMiniferoaa,affiL 
Atrjpa.  IHZ*  liUlL 

aprinls.  2iiL 
concoutrica,  2&L* 
fall  tx, 

bemixnhvrica,  2SL 
ll>:4trix,  ■a*.>  * 
ln)|>ri>M<ui. 
laniolUto.  2i3. 
ntMj'MtriutJi.  'i-iO* 
nfticularw.  •■TtT,*  242.  SJiij, 
261.  ^  -I^oriii. 
Aagite,  lili 

ruck.  T8J 
Ank,  extiiictlon  of.  hSU. 
Aulopiira  curniita,  273.* 
AulrMte»;»4,  l&L 
Auriferulu   quartx,  ago  of, 

ALL 
AuroclM.  ^aO. 
Auroral  series,  379. 
Auntiii  Iiin<«4tuni*,  470. 
Australia.  JaruMiic  iu,  447. 
Permian  in.  Mi. 
PiMt-ti>rtiary  life  of, 
•ratem  (if  roliefK  of,  112. 
the  contitiont  uf  Muntu- 

pialt,  hm.  5S5. 
TriaiMic  in. 
Australian  rlrtractcr  of  oaily 
Tertiary  vegetation  in 
Euru|H',  bbUi. 
Australwian  chain  of  Ulandii, 
iL* 

AnKtria.  Turtiary  of, 
Authorities  of  flKuriM,  767. 
Avellaiia  (.'aasia,  4Jv4.* 
Avicula,  2!1L 

d(>mi»4a.  221  .* 
eiiiitcfnita,  241.*  212. 
Flab«<ll*,  ?.S4  * 
Kazan<«n4is.  JZa. 
rh(»inlH>iil<»  i,  22tL* 
rUK't^it,  2ai. 
social  is.  4:t.'i.*  13Su 
Trentoiionsis,  21Ik? 
Avicu1op4«L-tvu  aTiculatus, 


duplicatus,  290.* 

recti  hit  i>raria, 
Axiniea  Sixuxcasis,  •IZS^ 

Tuninlu.'i,  kiL. 
Axinus,  M:>.  JuJi. 

dubiiis,  IIuL 

ob4nurn<t,  £iL 

liiMt  of.  3ZiL 
Axolotl, 

AymH.'4try  liuiostono,  200. 
Axoic  llLi 

Ago.  m. 

Ago.  lifo  of.  UL. 

b«*li«.  ori^^inal  condition 
of.  lia. 

boda  displaced.  144. 

forcM  continued  through 
the  Pal«><>7.oic.  330. 

geo^r^jltic:d  distribution 


Atoic  nnrlons  of  y.  Amflricft,  | 
outlitK'  of,  rep«>«tcd  In 
tlieoutliuo  of  tho  con- 
tinent, 23a. 
N.  Atnvricaii,  relations  of, 

to  the  contiucat,  lAJL 
rocks  uf.  LiiL 
riK-ks,  altertHi,  711. 
rocki*.  strike  of,  lAL. 
AxorM, 

Dftbbage,  on  distribution  of 

detritus,  Cwiit 
Dacbc,  A.  iLx  formation  of' 

Sandy  Hook,  tkU.  j 
on  tin"  oC4>!inic  wutcs  of  J 

tlio  Simoda  earthquake, 

73iJ. 

Racillaria  paradoxa,  likL* 
Uiiculite*.  47:t.<> 

ancj'pK,  48.1.  4S7. 

coinprf<MiiM,  -177.*  479. 

oratiw.  47^  477.''-  AIIL 
Badcer.  422.? 
It  ijtMhot  TmhS.  a22. 
Daili-y,  on  Atlantic-bottom 
Khir.opiMlA,  Mi4. 

on    KaintL-hutka  sound- 
ini^.  4.H.S. 

on  origin  of  Oreen-Sand, 

m 

on  Polycystines,  C12. 

on  structure  of  coal,  328. 
Itajocian  f^oup,  HSL 
ILkkewellia  anliqua,  371.  -t?.! 

IKirva,  .'{70.* 
liala  formation,  2QL 
DalKMia.  ^221. 

palwatlantica,  &2L. 

prisca.  .V^l , 
Iljiln'nodon. 
It  ilixton  21iL 
ItandiciMit,  424.? 
Uiinks  Land,  Carboniferous 

in,  324. 
Itiiphetcs  plaiUcppc,  3StL. 
Itjtrnai-le>s  L&O 
Uarraudo,  on  Bohemian  fo*-  \ 

siU,  2ti2. 
Barriers,  sand,  of  coasts,  Qfi2. 
B^iMunite,  biL 
Il-trton  clay,  &22. 
BurvtrK,  r>5  j 
lljfJilt.  SiTP 

Basaltic  columns,  US,  212. 

origin  of.  <i27. 
BaMet  etigos,  1^1^ 
Bats.  :U7.| 

(Chiroplcrs),  rmngo  of,  in 
time.  illL 

Eocene,  Jt^ 
Bathonian  tn'onp,  440. 
Bath  oolite.  41S. 
Batbumt   Inland,  Oarbonife- 

rous  in.  324. 
Bathynnts  r«|Mix,  IflS. 

parrulus.  ISO. 

BafTordi,  103. 

scnectus.  1£Q. 
Batbyicnathus  borealis,  424. 

A-2S* 
Batrnchians.  iULl 
Batrachoids,  346^ 


IlaTArla.  Carbon  I  ferooa  in,  821. 

Bay  of  Fundy,  (>^. 
Bciich  fortuations,  (VU. 
structure  of.  W.j 

Bear,  432.? 

Cnrern.  fififi.* 
Bear-Opossum,  424.j 
Ikuitricea,  '^I/iL. 

Boaumont.Xlie  de,  on  systoma 
of  mountain-elevation, 
380.  412.        ^ga,  72U. 

Beavors,  Post-tort  iury.  &<V2. 

lieck,  on  the  Satlfcruiu,  21L 
on  sea-wator,  liiiO. 

Bed.  32? 

Beetles,  i2L| 

Beinertia.  365. 

Beloniiiitfllii  miicronata,  477,* 


470.  V<i>.  4M. 
Beleninile,  OMi«elet  of,  4:>4.* 
Belemnites,  1^  451.?  ISfi. 
uciitUN,  4<'»4. 
densus.  446  * 

f:i)(i\nteus, 
laMtalus,  4(i(Lififi. 
irregularis,  4<>4. 
nicur,  M'tX. 

paxillo^us.  44<5.  4.^4*.  ilHL 
piKtilliformix,  4Ai.« 
Belgium,  Carbouiferoas  in, 
352. 

disturbances  in, 
Bubcarboniferous  in,21S. 
Tertiary  in,  522. 
B«llerophon  liilnlintus,  213.* 
210.  221,  232- 
carliontirius, 
patulus, 

rotnndatum,  210.2 

Urli,^J42i  2C2. 
Bollinurns  rotundatus,  3&8.* 
lU^lodou,  ML 
Bclonoiitomus, 
Beloteuthis,  i&L 
Beluga  Ix^ucas,  fifQ. 

Vermontana,  M2.  SffiL* 
Bembridgo  lK<d.4.  522, 
Benton  group,  41ilL 
Beruard^ton,    ^In.<s.,  Upper 

Ilelderlierg  at,  g7n. 
Beryl.  59J 

Beryx  Lewesiensis,  4S5. 

sut>erbus,  4s»- 
Bejrrirhia  .\mericana,  242. 

symmetrica,  242.* 
Biche-«i©-niar,  l.V.t  g 
Bilin,  lnfuMiriitn>e<Ij  o^  524 
Bihtti'iul  U-ds,  522. 
Biotlte,  67J 
Bird*.  1521 

earliest,  in  Earop«,  &2&. 

in  Triatfiic,  42.'i. 

numU-r  of  living, 

range  oC  in  time,  jjI2. 
Birdseye  liniest«>ne,  <>,}  2Qfi. 
Biachof  on  d(>cumpoeition  of 

wrxMl.  300. 
Bison  latifrons.  5Ij3. 
Bituminous  coal,  GS,  360. 

shale.  lilJ  213. 
Bivalve*.  l^Tg 
Black  IlllETlCkoic  at,  13L 
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Black  TIIIU,  lower  rock«  w»nt- 

Polwiani  «t,  ILL 
River  liinrstuno,  a(HL 
Bluto.  'JS2, 

Black-lcivl,  M.j 

Bliutuidiicrinu*  carcbaridrDo, 

BlMtoidn,  lfi2.? 

flrHt  or,  ill  Knrnpe,  2{W. 

ron^o  of,  in  time.  4<M). 
Blattina  priniwrii,  .'L^h* 

Tenuata,  aJiO* 
Blende,  64.{ 
BliMMi-rainx,  031. 
Blue  limcfttune,  217. 
BuRnor  XxnU,  fi22. 
Bog  ore,  ■'>'■* 
Bohemia,  Asoic  in,  l?ff. 

distnrltnnooA  in,  ILL 

iiumlM>r  of  DpociM  in  Si- 
lurian of, 

Priniordinl  in.  HB* 

UpiH-r  Silurlnn  In,  2fi0. 
Boldnrinu  group,  i£L 
Bone  Iteil  in  Pennajlvaola 

TriaxKic, 
Bonoit,  analyses  ot,  EL 
Borncitc.  KOj 
Bt>re,  6&;tT"^ 
BorniaTl^ 
Boa,  ^ 

Anieriranas,  fiffiL 

BiiMtti,  .vv>. 

primiKeniiui,  580. 

UnI^  ML 
BotliPMlf  nilron.  y>6. 
UouldcrH,  large,  537. 

See  Drift. 
Bovine  funily,  range  of,  in 

time,  fil^ 
Braclii()po.ln,  158.^ 

culniinntton  of.  .tiW. 

families  of,  range  of,  in 
time.  Mi. 

number  and  character  of 
Tertiiiry.  £20. 

ranRoof,  in  time.  400.  ASL 

■tructtire   and  suUlivi- 
sioni  of,  17W  * 
Brachyuran*.  I'^t  j* 

flrttt  i«p>Tii'!<  of.  '.Cb. 
BrarkleKham  liedn,  SilH. 
BradipUA  tril>e,  -t-St  * 
Braintree,  Tril<il>iteii  at,  184. 
Brandon  Lignite  and  ihiita, 

610.  ai* 
Breccia,  73.g 
Breckenridge  coal,  .TW. 
British  America,  Cretacenui 
in,  4C7. 

Brongnlart,  on  Tertiary  rege- 

Ution.  526. 
Bronn.on  numWrof  Meaosoic 

Concliifen*.  LiML 
Bmntozouni  KiKanteum.  429.* 
Bniwn  coal,  cSj 
Bnites.  423.g 
Bnixellian  group,  S3SL 
Bryor^nn.  1.57.g 

ranpe  ofTTn  time,  401. 
Bncania  trilfhata,  1:33,  237. 
BulT  UmostoDo,  381. 


Buffalo,  American, 
Uubrntone,  M.j 

in  Oliio,1£lL 

in  S.  Carolina.  fiQIL 
nulla  H|H>ciii!ia.  47".* 
lIumaNtiN  narrienNlM,  2SL. 
Hunter  8andAtein,  4^ 
Huprestb,  461.* 
Burlington  limentone,  307. 
Itusyrou  Conra*!!,  622. 

tint  of.  AiLL 
Buthotrephtu  antiqua,  17fl. 

grsiriliii,  2i'S  » 

nnrculoMiM,  2Q&.* 
Butterfly,  430.} 

Cadent  serlwi,  370. 
CalaninricH,  Ki<'>,{  461. 
Calamite-i,  •■fl1P:aU,g  337,}  356, 
31|^I2I   

arenaceuH,  43S. 

cauna-forniia,  337.* 

Ciatii,  331. 

Mongeoti, 

nodonnit,  3.'t7. 

Pachyderma,  rfflL. 

(<uckowl,  Iil2. 

Trannitionis,  290. 

range  of,  in  time.  4tU. 
Calamopsin  Dana*,  61 -I.* 
Calcoiro  coquillier, 

n'OMier, 

iaruitre,  ItlSL 

I>iiH>lltlque,  480. 

Hilireux.  ^1^2. 
Talrarooun  rockc,  70.} 
Calceohi,  lM4iiL!i 

Hanilalina,  274.  2Q£L 

nchiHt.  2BtL 
Calcite,  fi-ii 
Cali-iumr^} 

fall  iferoun  nandrock,  175. 
Cjtlifornia,  Cretaceous  in,  4tEL 
Tertiary  in,  607,  Sott,  610, 
611,  (i2L 
t^aligu^TTM* 

CallianaiiHa  Oregnnenais,  &2L 
Cidllpti'ris.  :<66. 
Caliiittn  imitatiiiiH, 

^yana.  621.* 

■oljrina,  517. 
Callocystitea  Jevcttii,  14S.» 
•2to. 

CalloTian  group,  i4SL 
CalynK'iie  Klunienbachil, 
164.*  21  fi.  242,  212L 

Bluuienlmchii  Tar.  Niaga- 
reni'i^,  24L 

cra]«!<iinarginntna,  2Ifi. 

ycnaria.  2l.'i.*  224. 
Calyptrophonjn  velatnti.  617. 
Caninrophoria.  376.  37ri. 

Crumenn,  .176. 

gchlotliclmi.  375,  870. 

iiup<T«te«i.  3757"^ 

Innt  of.  .TJfl. 
Cambrian  rocks,  177. 
Canieln*.  4^.}  i2a. 
CanielopardallN.  52fi. 
CanifloiM".  V.  Missouri,  610. 
Ciinierella  nntiquata,  187. 

Calclfera.  I'.n. 
Caiupooularia,  ISL 


Campinian  grmip,  SISJ, 
Campvl<><li«ru'«  i  l)iiru«.  f31* 
Canatln,  Axoic  in.  LiL  LLL 

CalrifiTona  in,  Hi. 

Cliaxy  in.  2U&. 

Clinttin  in,  22s. 

Crustacean  t  racks  in  Pot»- 
dam  of,  186. 

ITamiltoo  in,  2S2. 

Hudson  in,  21  s. 

Iron-mines,  141. 

Lower  IIelderl>ergln,2Sl. 

mineral  oil  in.  764. 

Niagara  In,'.^ 

Oriskany  in,  260. 

Post-tertiary  in.  USL 

Potsdam  in.  Hi. 

Palina  in,24L 

Trenton  in.  206^ 

uplifts  in,  204. 

Upper  Ileldcrherp  In,  SHI 

Utica  shale  in,  217. 
Cancer,  lSi>.*} 
Cauis,  .Miocene,  529. 

in  Missouri  PlioretMi, 
Cannel  coal,  6S.g  32S.} 

coal,  formation  of, 
Caflon  of  the  Colorado,  568. 
038. 

Capelin,  Poat-tertiary,  6^ 
Caprina  limestone,  470. 
Caprotina  Texaua,  Hi. 

limestone,  iUL 
Caprbara,  423j 
(^iriion,  64  .y 
Cjuboniferous  Age,  S05. 

conformable  with  lover 
rocks.  :{06. 

divided  by  the  Cincinnati 
uplift.  33i(. 

in  Sew  Knglnnd.  409. 

life  extern! in.iti-d.  4«i:t. 

overlying  PotMlam.  245. 

Potsdam  fosMils  in,  u2&. 

thickness  of.  ISiii. 

unconformable  to  Devo- 
nian, 204. 
Carcharias.  Caicramimiu 
Carcharodon.  477. 

angiHtidens,  277.*  510. 

mcgiloflon,  614.  fil**.  .V21. 
Carcharo|mis  Wortheni,  :n.S  » 
Cardinia  concinna.  4«4. 
Cardiocarpum,  .^tis^ilSiL 

bicuNpidatum. 

elongatnm,  :t:t>«.* 

samnrn-fornie.  XW* 
Oardita  Hlandinxii.ML 

densata,  bil. 

planicusta,  617.* 

rotunda.  5i7. 
Cardinm  divercum.  £15. 

disoimile.  44  6. 

Groonlandicum.  662. 

Islandicum.552. 

multistriatnm,  iZS. 

Nicnileti.  lilL 

striatnium.  4>^S. 

Virginian  urn.  621. 
Caradoc  sandstone.  207. 
Carnivores,  422  } 

marsii plal.  424.} 

range  of;  inl^e,  SSSL 
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Onroline  Archlp^lnfrn.  3fi. 
CariMtthiHiKt,  flcvtttiuno^fiXL 
CkirpolitlKii. 

Bramioneuait, 

irresculHrid,  hli.* 
OKryocrinuit  urniitiu,240,«212. 
OwyopriylUm  103LJ 

niKutia,  'UK. 
Cucvville  conglomerate,  222. 
CaMMululuit.  160^ 
CMtur,  iiSiA 

in  U.  Ulssoari  Pliocene, 
522. 

Caatontiden  Ohio^oaU, 
Catarrh  In  w,42JJ 
Catoptem*  Kfacmii,  ATI* 
CaUkill  lK^llt.  2UL  2Sia. 

Mti.,  gUcial  Kratchcfl  on, 
I5L 

period.  iSh 

Identity   of,   with  Che- 

munK-  iSH. 
nh»\y  Umt^Xone,  252. 
Cat-tnil  fiiniily  in  Triiunic,  ^^L 
Candk-ti  iUi  grit,  Xti. 
Caulopti'dH,  'XiL. 

punclAta,  3SS.* 
OavcriM,  C4int«ininK  human 
relioi  with  bones  of  ex- 
tinct mitmmalM,  &K'i. 
Pmt-tertiary,  animaU  of, 
559. 

Cenomanlan  p'onp,  4StL. 
CcDuzoic  tinu-,  M'.V 

character iittica  of  life  of, 
571. 

tinuvnitioii  of.  &iSS. 
Centront-lla,  IM.J 
C<>titt'niO(li)n  nulciitus, 
O-phiUMjiids,  2Si)J 
CopliaiaMniH,  '1*'A.  'aSL 

Lynllii,  tg»s  * 
Ophalatcn.  1^5.  l&fi  g 

ninKi*  of.  in  tinus  M\\. 
CephaloiMMlM,  laiL} 

a  citmprchenaiTe  type, 
397.  IL^. 

culniinatiuo  oC  307.  iQfi, 

range  of,  in  time,  ML, 
Ceratiorari«.  2r>.S.jf 
Ceratites  Aniericanns.  ilfi» 

nodmnN.  4;UV*  ^S&^ 
CeraarufKCheirurus)  insignia, 

212.  21.1. 
Cerrua,  522.  621)4 

Americanns,  ££3. 
Cofltracion  I'hilipni,  'iTfl* 
Ceatraelontit,  27S^ 

of  the  SubcHrboniforuns, 

aia. 

range  of.  in  time.  402.  &I2. 
Cetacean*,  121L2 

flntt  of,  iliL 

range  of,  in  time,  &I2. 
CctiomumH,  <14(V 
Cliabazite,  tvili 
niieropim,  424 .i 
Oi«<ti^tf><i,  lf.2j 

Lycor>erdon,  211.*  22L 
Oinlctvlony,  6.V{ 
t^lain-eorlll.  ~Poe  niiLTSiTKM. 
Oi  ilicomr",  U.  Misaoari,  ii2L2 
Chalk,  85j  ' 


Chalk,  Gray.  iSQ. 

in  the  I'acinr,  ^  153 

none  in  America,  itj&x 

origin  of,  4.S8. 

White.  41i!L 
Chalk- Mftri,  m 
Clialybite,  lil 
Chama,  472. 

curticosa,  &2L 
Cbamplaiu  epoch  in  America, 

in  Europe, 
Chart,  phyMlograpblc,  11^  42. 

Chasy  e|>och.  2Dfi. 
Oieirolt'piK  Trailiii,  2TQ.* 
Cheiruru4  A|h>1Io,  H» 
ni(>lone  planiccpa,  402. 
ehelonians..U5.ij  a4L 

range  of,  in  time,  512. 
Chemung  ImnI»,  section of,28&. 

group,  2*^>*. 

l'erio«l,  2iiL 
Chert,  saj 

Clu-rty  liiiicittone,  2&L 
Cherrolile,  7S.; 
Cliester  limextones,  3S2. 
(^Iiilhowee  sandntone,  175. 
Chill,  recent  changoa  of  level 

In,  JiSiL 
Chlmirra.  27 s  J 
Chiuia»roid»,  2<R4 
(^Iiinip:tii7.<'e.  422. 
China.  CarlHtniferoas  in,  2iiL 
Chiropters,  42^.? 

range  of,  in  time,  512 
ChirotheritiDi,  footprint*  of, 
Aat  \  • 

riiiton.  ana. 

Chlaniydoplioma,  423J 
('hlnmyclothcrium,  423.} 
Chlorite,  m.} 
Cliloritic  Srhidt,  &1.J 
Chu-ru]Kitaiiiii<«,  fi2Q.f 

In  U.  Mi^^ouri,  S2L 
ChondrcHlite. 
Chonete«,  ini  * 

corn  Ufa,  iSff.* 

Ualnianiaiia,  3UL 

Fleniingii.  371. 

hemi^phiTica.  214. 

mcsololM.  * 

ornata,  .113* 

Sftigt'ra,  2^4.* 

Tartotata.  31  i  * 
Chonopliyllum  magnificam. 


Niagarcnse.  240* 
Chouteau  linii'Atonc,  30&. 
ClirvKiliditia   gradata,  IM.* 

Chryimlito.  ClLl 
Chrypotili-. 
•  'icadn',  4'.!>>-j 
Cidnris,  livU 

Blnnu-nliachii,  4f&* 

coroniito,  ii^L. 

lieniigranoMU*.  478. 
Cincinnati  upllH,  303. 
Cinder-cones,  080.* 
Cindcni,  CkSj.j 

Cinniinioninm  Miaiatippi- 
cuau,  &U.* 


Ctrripoda,  IMJ 
Cladodus  nuirginatoa,  31ft 

Rpinoaus,  315.* 
Claiborne  epoch,  50&,  608,  Slfi. 
ClathropteriH.  446. 

recliusculus,  42Q.S 
Qay,  (i5j» 

ironstone,  329.| 
slate,  77.? 
Clayey  layers,  plication 
—  * 


Cleavage,  55.?  C2Q. 

in  rocli*rll!l!i  <?20. 12L 
production  o^  in  glaciers, 
C74. 

Cleodora,  LML" 

ClepsyMunu  Pennsylvanicos, 

(niff  limnttone, 
Clin*!,  wcanng  of.  dliQ. 
Cliuiactlchuitejt  Wilsoni,  ISS. 
Gimnte.  causes  di-termining, 

causes  of  the  serial  change* 

in,  throtigh  the  geolog- 
ical cliaugrs,  7:17. 

change  of,  at  cloao  of  Cre- 
tarroua.  ^ 

insular,  4^ 

of  the  Cnrlwniferous,  3SL 
of  the  Cbamplain  epoch, 

of  the  Corniibroua  period 

of  the  CrctaceoiuL  421^ 
of  the  JuraMic,  4>7r- 
of  the  roHt-tcrtlary,  RCT. 
ofthe  IVitiMlam  i>criod.:^ 
of  the  Tertiary  in  North 

America,  bM. 
ofthe  Tertiary  in  Europe, 

of  Trenton  Periwl,  24. 
of  Upper  Silurian.  2"ift, 
Clinch  Mountain  sandstone, 

3&L 

Clinochlore,  Gl^ 
Clinometer.  l>^'j 

use  of,  for  measuring  the 
slopes  of  distant  moan- 
tains,  Ifi. 
Clinton  epoch.  233. 
Clynicnia  SedgM  ickii,  29L* 
ClyiKnster.  IMl 

Lyelli.  ml 

Eocene,  UZ. 
Clyp<MiH  Hugi.  lifl,»i<u 

Patella,  4&L 
Coal,  mineral,  ns.} 

minenil.  impurities  of,  300. 

mineral,  structure  of.  32L 

•  rtftult  of  d<-compoaition 
of  plar.tn.  ^ 

be<ls  amount  of  vegeta- 
tion for.  2SL 

bofLt.  thickn<-8-<  of,  32!L 

d>'hitnmini/.<*<l.  41IL 

in  8ut>ciirbnniferoas,  307. 

in  Triaiutlc.  417. 

workalde  areas  of.  a22.3&2. 
Coal-making  decomixwition 

only  under  wal<  i  , 
Coal-meaaurvs,  SZi,  3&2. 
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Ooal-inPH«tirf  .dirt-bed»  0^326. 
divUion  of,  'J:I2. 
fulne.  'At9. 

Mctton  of,  near  Nesque- 

hulling,  Pa^iOa. 
wcliiiii  of,  at  Trorortun 

Unp.  Ph.,  ^ 
origin  of, 

Tvgfiation,  ctiaracter  of, 

OnAl-|HM  iiHl,  nummary  of,  2fiS. 
Coal•|)laut^  a^iiL 

diatributiun  of  genera  of, 

nuni))cr  of.  312. 

gruwtli  ot  382. 
Coan,  T.,  on  ui-ui>tioDB  on  Ua- 

wall,  CP7.  flag. 
Coart-b«rrlerir250.  fifil 
Cuust-furmiitiun«,  fjlML 
Coaat-outlim-  of  Atlantic.  41L 
Coccouol*  uttnusplierica,  * 

Ifneata, 
CoccoDf  nia  cornutum,  cai.* 

Lunula.  *'>n.* 
CoccostcHs,  271>.j  203. 
CoccoUMithig.  ■44k).j 
Cocbliolus.  'JSS4 

contort  ug.  315,*  318. 

nol.llin.  aLtr^ 
CoFcilianH,  344.{) 
Cwlaciuthui*  elpcans.  330. 
Cobeiiive  attrHCtioii.  <V2r». 
Coins,  f«>s»ll,  5>!»),  6M* 
Col(<oploni.  420.1 
Colunulo.  Canons  of.  CiSiL 

I'plHT.  Crt'tiicoom  in.  :iij!L 

Up|>er,  Jura«iic  in,  4t.'i. 

UpiM'r,  Trii»<i»ic  in,  417. 
Colors.    orlKinitl.    on  fi>uil 

ahplls  204,  312L 
CoIomocIh'I.v*  AtlAH,  h2tL 
Columnnriti.  '21±i 

alrcolftt.1,  2i ''■>■*  2LL 
Columnar  xurrarex  In  Niagara 
group.  ZXl. 

in  Onuudngu  salt  group, 

Comanche  Peak  group,  470. 
Conmtula.  H'.l  .g  4.'VH. 
Uomprebrnoi  ve  typt-a.  203. 
typeB  btvomiug  extinct, 
397. 

typm,  example!  o^  395, 
dsn  6tX>.  7.'U. 
Compwnij*.  Kocenc,  &12.J 
Concliift^ra,  157.j 

ftrat  of,  wrr 

range  of.  in  time,  IQL 

aiplionnted,  .*tji7. 
Concretionary  utructnre.  06.J 
Concrotionn,  oriKiu  of, 
Concii,  f  mmII, 
Conferrw,  XXj.j 
Conglonierato*.  70.  73,j  377. 
Conift-r.  earli<>fit  in  nrnaln,2&5. 
Coniftrn.llR.J 

of  Tertiary,  fill. 

pith  of.  3IL 

iitnicturo  of,  Ififi.j 
Coninton  gnnip,  •^?<i'> 
Counectintl,  Cnrboniferooa  in, 


Connocticnt.DoTonian  in,  Iflfi. 

trnp  lUki-A  of.  2U.*  430. 

TriiuMic  in,  411L~ 

Kiver  valley,  itnbmarine 
continuation  of,  544. 

valley,  terrace-*  in,  557. 

Tnlley  tmp  dike*,  origin 
of.  Ilia. 
Conorardium,  397. 

Bluineiilmchii.  12L 

iHplenmi, 

ininiaturuni,  213. 

trigonule,  276. 
Conoceplinlu.i  mi  nut  us,  IKS  « 
Conrad,  on  Tertiary  HlielU,  517, 
621. 

Couifolidatinn  of  strata,  ififi. 

cauitea  «>f,  7(>4. 
Continent,  definition  of,  20j 

eruniun  over,  when  near 
the  ocean's  level,  fiflfi. 

of  progros*,  the  Orient  the. 

Contincnta  and  i«c<ans,  early 
outlined,  7.T2. 
arrangement  of,  11, 13. 
diatinctivc  auiniar  Xypea 

of.  SM, 
mean  heights  of.  Ifi. 
submergfi  bottlers  of,  12. 
system  in  reliefn  of,  20.. 
Contraction,  change  of  level 
ft-om,  718. 
pflTects  of,  in  a  cooling 
•phere.  718. 
Conulnria,  2U..?  496.| 
gracilis, 
Irtst  of,  4ri5. 
Cunus  adversarius,  ^22. 

tortilis,  517. 
Cook,  O.  II.,  on  New  Jeraey 
Cretareous,  4lia- 
on  elevation  of  U.  S.  cotut, 
687. 

Copper,  boulders  of,  &3tL 

of  Lake  guiwrior,  105. 
Copper-glance,  t'AJ^ 

ore  in  the  Oneida,  23Q. 
CoproHtea,  W.{ 

analyses  ot,  SL 

in  Triasaic,  428.  438. 

Saurian,  4;i7.* 
Condlinn  group,  ilfi. 
Corallines  fiTj  147.9  - 
Condline  Crag."Ea 

Hmostone.  235.  212. 

lini<-!<tone.  foaitiU  of,  212. 
Corallluui  nobile.  (17. 
Condx,  rantre  of,  in  lime.  4(>0. 

rate  of  growth  of,  7.V2. 
Coral  Islands,  chalk  on,  4-«<M.7.'i:V 

islands,  evidence  fi-om,  of 
change  of  level  in  the 
Pariflc.  WfL 

islands.  gy|Mum  on, 

limestone,  86,{  till. 

rag.HRJ 

reef,  ancient,  270^  212. 
reefn  and  islands,  forma- 

tion  of.  QLL 
r*ef!<  of  Florida,  152. 
reef^,  rate  of  increase  of^ 

691. 


Coral  reof  scaa,  Isathermal  Una 

lindtiiig,  42. 

rocks.  86.  til  7. 

rock,  oolitic,  at  Key  West, 
201. 152. 
Corbicula  intermedia,  .')17.* 
Corbula  liicarinata,  617. 

gibbowt.  mi. 

niactriformia,  617.* 
Cordaites.  ■'»»>'. 

an^oistlfolia,  283. 

borassi folia,  212. 

Kobbii,  2au. 
Cornbniah.  USj 
Corniferons  limestone,  SOIL 
Corsica  range,  elevation  ol^  63S. 
Corjithodon,  62l».j 
Coeriiiodiscus, 

apiculatus,  ftli.* 

gigas,  M'-^  * 
Cosnuigonv,  741. 
Cotopnxi,  'Ofi* 
Crania,  IH4,|*  2J2. 

divaricata,  216.* 
Crassatella  alta.  617.* 

MiMtissippiensis,  &18. 
Craters,  CS5.^ 

See,  further.  Votxr.vSOK. 
Creations  since  that  of  Man 

unknown.  LSfL 
Crematoptei  is,  SJifL 
Crepiilula  coolata. 
Cretactxius  ImhIs.  e«iuivalency 
of  American  and  Euro- 
(lean,  4K0. 

romiaiiou,  thlcknen  ct, 
6<U. 

N.  American,  map  of,  489. 
jieritsl,  4<'7  j 

s|M-cieM.diMtiibnliunof^4S7. 
Cricodus,  2I1>.* 
Crinideans,  101  .J 

nuu)lK>r  in  L.  Silurian,  21^ 

range  of.  in  time,  400. 
Crinolda]  ejK^-h.  illL 
Crini)ids,  m  Ithi 

range  ot.  in  tiine,lflii, 
Crioceras,  472.j 

DuvaUi,  lisJL* 
Cristellaria  rotulata.  HI. 
Croctnliles,  first  of,  113. 

first  Knropean,  1S& 

Tertiary.  62fl. 
Crocrnlilian's,  346j 
Crucddilu*.  Jl»£~"^ 

liniiiflM.«H«.  478. 

basitruncatu.*.  478. 

clavinmtris.  47S.* 

nmcrorhymhus,  519. 

rang!"  of  in  time,  ili 
Crotalocriiius  nigosus,  2fA* 
Crustaceans  163J 

rangi*  of.  In  time.  IQL 

rank  of  earliest.  39fi. 
Crustacean  tracks  of  Triasaic, 
427  ■* 

tracks  of  P«itadam,  185. 

Cryptoceras,  2LL 

undalnni,  -U  * 
Cryptogams  lftr>.? 

existing.  ISSr 
Crystalline  rucks,  formation 
o^IitS, 
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CrysUlIization.  C25.j 

a  renult  of  nietamorpbism. 


Crystalliziitionfi,  alongaido  of 
diki-8, 

CtenacunthtiM  uinjor,  319.* 
Ctcntxlonta  itaMUta,  21  a* 
Cteiioiiif-i  fdRiiutea,  453.*  4&L 
Ctenoi.U.  jr,S.i 

CulDiiixitiun  of  typos,  400^  &71] 
Cnneolina  Pavonia,  161,*  4.S3* 


CorrrnU,  atniusphcric.  H, 
ocwiiiic,  ^  660,  65^  66i 
657. 

ocwitiic,  eroainn  by.  C55. 

Atlantic,  in  the  I'otiMLun 
pfri.nl.  lajSL 
Cnrrcnt,  Oiilf  Stream,  41. 

I'ular  or  Uibnulor,  41 . 
Cutch,  ri>ci>nt  changtM  of  level 

in,  &tili. 
CnttleyfUh,  166^ 
C)'athax<iniii  prollfera,  ML 
CyattiMi  conipta,  * 
CyathocrinuH,  IfilU 

ornatiRiiniut, 
Cyathopliylli  lr*.  lO.!.? 
Cyathophylioitl  corai«,  a  com- 
prciKMiNiTe  t>l»<i.  754. 

coraK  I  L<tt  of.  lul. 
Cyathoplivllutii.  iHO. 
Cycadii,  4iH,?  otX). 

a  f  on»prchfn<«iTo  typo,  5ill. 

diNtrilnilion  »f.  Alk 

in  >IaryI<iii<l  iKtlM,  47'2. 

rannco  of,  in  time,  iUa. 
CyclMid-i.  -JTiS^ 
Cyclonema  caticellata,  237.* 

Hulcata,  'JUL 
Cycloiihtlmlmiui  Bucklaudi. 

-.as* 

Cycloptcrit,  rWS.J  355. 

Jat  k*.ni.  230. 

LiniiM-ir-li.i.  41'').* 

pacliynu  liis  4J1), 

raiip?  of.  in  time. 
Cylimlritfs  acutiu,  iM. 
Cvn<><|(iii.  a21Li 
C'v|»eriti'^,  XV^ 
Cypriwi,  flfSTof.  i&L 

CaruliiK-nxiK,  !\'^2,* 

fLMie8tr:ili>s  -^'17- 

iintoa,  /iK. 

Piilii  uiuM.  522. 

UplHTilidt''',  ^17. 

Cypricardia  anKn^ta.  2QX 
Cvi>rldlnai«Tt:UL>tttriata,2&7.* 


Cypridinv  »l:it<-j>,  '£1 
Crpriiia  arcaariii,  4IS^ 
Cyprin,  1.'>4.J 

iuTr{iuk5ic,i2&. 
Cyrtiji,  iVJ.j 

nnilMtnnta.  '2.^4. 
Cyrt<t<-('r:M  annulntiuii,  214  * 
dor«itum,  ulL 
ntidnlatiim,  2Z!l 
Cyrtolitti*  conipn.wiu,  2U.* 
onintui. 

Tri-iit.iiK-nM«.  21".* 
CvstidiMiH.  or  I'vatidd,  161.1 

20b. 


CytUdcana,  a  comprobonaiTe 
tyj)*,  fial 
Uat  of,  3U3. 

numlajr  of^  in  L.  Silurian, 

21i 

rangt>  of.  in  time.  400. 
relation  of,  to  Molliuks, 

Cystipbyllam  i^ilarienic,  2ti3.* 
Cytbcre  Americana,  UtLS. 

Dadoxylon.  2f^).i 

Uruudliii};!.  lilt. 

OuanKoiKliunnm,  2B(L 
Dalcota.  i<ee  Mimolu,  Uppou 
Dakota  group,  4<'»'t. 
llalmania  cailiti-ltM.  28A.* 

llau.miaiini,  2Ii^ 

limulnruii.  241,*  242. 

naauta,  202. 

pleuro|)tyx.  2.V1,  254,  2Sa. 

ttelfunrui,  21a. 
Dnnian  Kroup,  4Sti. 
Daphnia,  l&4.j 
Dartmouth  in'otip,  23tL 
Darwin,  (X,  on  Atlantic  dost- 
ahower,  f»31. 

on  coral  iilan<la,  SZL 
Da<typu<i  group.  4'.gt  I 

group,  I'lMt-tertlary,  fifiO. 
Dasyunin,  424.g 

Daubr6n,  on  f<ii7nation  of  alll- 
ca(e:4  by  nicAua  of  super- 
heattil  atcam,]Uiii. 

I>avid(H*nla,  IK.").} 

Daris,  cflocta  of  tiilal  action. 
ttiL 

DtiWHon,  J.  W.,  on  fxisil  wood, 

2>if..  2S.n. 
on  land-^iiailK.  347. 
on  Xylobiun,  riiV). 
Diiane.on  tra<-kn  of  1  ti.Hi-ii  h.4L'7  . 


Dvbituiiiiniziition,  410, 
Dc'caiKxl*.  m^f 

ran;;!^  of,  in  time,  402. 
D4'comp>*titi>>n  oPwoo^l, 
iK-er,  KiiciMiv.  iiiL 
Dv  Ltuki,  on  the  PeuobHC»t 
glacier. 

IMawure,  Cretaceous  in,  iSQ. 
iK'Ipliinu^,  u2lL 

Connidi,  &2L 
Delta  forraatioun,  (VU^  CfiS. 

of    the    Inihi!*,  ix-cent 
rhan^efl  of  level  in,  ;'>H^s. 
Delthyriwuhuly  linn'^tone,2i2. 
iH'lthyriH.    Si'ii  .*<PiRirER. 
lK>ndrcrpi>ton  Acadiauum, 


Dendrophyllia,  14S* 
Dentalinn  pulclira,  ili. 
DeuUdium,  31111. 

MtH^iitHippienso,  617. 518.* 

obitoletuiii.  3111* 
Depth  »>f  growing  corals,  filO. 

of  H[H3ric<i,  sones  in,  fiLiS. 

8eo  iX'tAX. 
Dvrtonian  group,  £23. 
Dexertit,  diittribulion  of,  ALu 
DeNniidiea*,  in  ln>m»»ono  or 

flint.  JTl,*  :ni,  ASL 
DetrituH,  74.? 

•lung  sca-sbores,  009.  COO. 


Dctritoa  of  rivers,  643^ 
Developmenf,  examples  of  law 
of,  in  the  earth's  his- 
tory, liflL. 
Devonian  age,  '2fVt,  750. 

ami  Carboniferoos  uncoo- 
formable,  3U4. 

and  }<dnrian  united  by 
the  Ludlow  bedn,  'JM. 

in  NuM'  Knglaiid.  4iM>. 

thick neitH  of  rocks  of.  38d. 

wautin>;  in  Ditkota,  Hh, 
Dt!Von  linientone.H, 
Diabase,  77.g79.g 
Dia«lema  seriale.  453,*  464. 
Diallage,  S^J 
Dianuwulu,  age  of,  Hi. 
DialomN.  •>«,  M7  a 

in  flint,  271.*  481. 

of  V  i  rg  i  1 1  ia  Tert  iary ,  U2* 
Dibranchiates,  15ti.{ 
Dicellocephiilus  lowensis, 

magniflcus,  133- 
Minnenotensis,  IM.* 

Diceras,  4.')B.j 

Dicenis  arietlna,  4fi0*  ifii. 

Di.  hobune,  527,g  &2£L 

Dicbodon,  %CSL 

Dichotomizing  ribs  on  Bra* 

chiop^MlH,  'Jf)7. 
Dlcotylf<lon«,  107.? 
Dictyoneara  authracopblla, 

.^\s  * 

Dictyocha  Crux,  fili* 
l)ictyo|)teri«,  '.l^tti. 
I)idelpliy*,424^52a. 
DieHliim  group, >j23. 
Digit igrude.t,  422.? 
Dikei«,  formation  of,  Iffl. 

structure  of,  j 

of  Connecticut  valley,  ori- 
gin of,  1113. 
Dimyarii>!<,  ln7.j} 

rnnge  of.  in  time,  401. 
Dinicti-,  U.  Mit-*,.Hrl.  LliLi 
Dinornis  giganleu*. 
DiiiiMiiurs,  ^ICi.j  452. 

range  of,  in  time,  512. 
Dinothere    (D.  gigautcam) 

Diorite,  78.}  80 J 
Dioritic  schist,  < 8 J 
Dip,  I".').} 

of  TriasMic  beds,  432. 
Diphyiibylluni  stramiucum. 


DiplazitCit,  3!i5. 
Dipliitegiuni,  356. 
Diploxylon,  3ulL 
Diprotodon,  424,|  5Ca. 
Dipters,  421.? 

Dipterui*  macrolepidotas, 
•.-OS* 

Dirt-bedii  of  the  Coal  mea- 

Discina.  lS4.j  I  W,,  lKI.32fl. 
Dii^coplea  atmospberica,  (UiL* 
DisicN-atioA<i,  li>3j 

8ee  DlsTmiiAXcrji. 
DiMtortion<i  of  f  innils,  1 OO.^ 
Dijit  uri  M«ncuB  after  L.  SilurlaD, 
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DittnrbADCM  after  tho  Palieo- 

xoic,  ML 
prvcMiiig  tLe  Carbonife- 
rous, :cjK 
after  the  Me«*>eoic,  Wii 
after  the  Terl  iary, 
in  the       of  Man,  ML 
DiTeraity  of  ruck*  in  differeat 

regiuni,  377. 
Dodo,  &I1L« 
Dolcrite,  8«J 
Dolonilte,"Kg  R5.j 
DoniHc,  SHTp* 

D'OrliiKiiy     aubdiTiaioDB  of 

JuniMir, 
aulMjivMiunfi  of  Cretace- 

oufl,  4H0. 
D'Orbigny  on  thickncMof 

inixoic,  iiJlL 
Dorcnthcrium,  U.  Miwoori, 

MM 

Dorai branch  in  ti«,  LVi-g 
Drepanodou,  U.  MiMouri,  619. 
Drift,  W5J 

in  ArkanMM,  752. 

in  Kuro|H>,  54II. 

in  Mitt^ouri.  T.'>1. 

in  North  America,  52fi. 

in  8i)iith  America,  SM. 

miKline.!.  5:y.Mtf. 

origin  of,  331 

Sci),  further,  GLACIAL  and 
Ulai-iek. 
Drift-«And  hillfi,  028. 
Dromntheriuni  wylveatre,  4y. 

Dryopithei-nn,  fiJlt.? 
Dudley  linu'Ht<iue72lkL 
Dugonjt, 

Kiicelie,  .V29. 
Dunc«,  (iJ'J.jf 
Duitt-ohowem,  S2SL 
Dyiu.  Hee  I'ERMiArr. 
Dyefitone  croup,  lihi. 
Dynamicnl  Oe<>loiry,  Li  QQS. 

agencies    intenitilied  in 
the  t'ont-tertiary,  670. 
Dyaaster.  IfiO.; 

citniiliculiituB,  iM. 

rinKeiH,  4)'4. 
Dyyntribitc, 

Kagre.  G53.? 

Earth,  relation  of,  to  (be  uni- 
verse, a» 

form  of,  ami  arrangement 
of  land  of.JJL 

increase  in  maa«  of,  above 
the  water**  level,  after 
tho  Meaoanic.  !ti'Ai. 

eToliition  of  feAtures  of, 
731. 

•yKtcni  in  reliefii  of,  22. 
•yKteni  in  the  cour«M!«  of 
feature-lines  of.  30,  T.".l . 
Earth'*  cruxt,  effeciit  un,  of 
contrnrtiou,  718. 
development,  examples  of 
law   of,  in  geological 
liistory,  IliSL 
Barthqnake  oceanic  warea, 


Earthqnakofl,  natare  and  ori- 
gin of, 

evidence   ft-om,   of  the 
earth's  internal  liquid- 
ity, liiSA. 
Eaat  Indies,  trends  of  ialanda 

in,  liL 

Eat<jniu  singulariii,  25*.*  2&5. 
EblM»nd-l1ow  structure,  03^ 
Kccnliomphalua  Cauadeuii 


intortua,  122. 
Echidnus.  i.UJ 
Kchinuderms.  liW,f  UIL 

rauic«  of;  liTlmie,  400. 
Ecbinoids,  Vo'J^ 
l'k:hlni>neii«,  i 
(krhinorhinus,  I'lilifornia,  fi^ 
Echinuatachys  cyliudrica,  4.44. 

oblonga, 
Echinus,  I4t<.* 

granulatua,  fifi^ 
EcloKite,  804> 
EdentatesTTZJJ 

characteristic  of  P«)i»t-tcr- 
tiary,  of  Soutli  America, 

earliest  of,  &2£L 

rangu  of,  in  time,  lu^ 
Ehrenbfrc,  on   Diatonia  of 
Richmond,  !iLL 

on  dust-e»huwerN,  * 

on  gree(i-«an<l,  749. 

on  I'olycystlne*.  612,Ii!L 
Eifel,  Devonian  in,  2a&. 
Klivacrinua,  274. 
Elephant  family,  range  of.  In 

time,  £tl>. 
Elephaa  Americanus,  Rfi.» 

priniigeuius,  5<irt,  677. 

Sliocene  spiH'ies  of, 

of  U.  .Missouri,  ^'i^ 
Elevations,  causes  of,  71fl. 

of  Pacific  islan<ls,  5S7. 

Tertiary,  in  Europe,  S^S^ 

8ee  lltuuHTM. 
Elotherium  in  U.  Miasouii, 

Emmons,  E.. on  the  TrioMsic  in 
N.  Carolina,  41L  4*5. 
429. 

sections  of  Azoic  by,  141. 
Kmys,  Eocene,  filT  j 
EnuHoKiurs,  Mn^ 

Carbon  iferous,  2^ 

Juraoslc.  4.M. 

raniT'  of,  in  time,  402,  572. 
EncrinuT  limestone,  aiii.  JSL 
Kncrinites,  ltSl.{ 
Kncrinnrus  luvis,  2S^ 
Encrinus    liliifurmia,  148.* 

435.*  4.tH. 
Endoceras,  214.^ 

louKi'*'''iniuiu,  Hb, 

proteiforme,  214 .g 
EniioKens,  101.^ 
Kndojmcliys  Mncluril,  517. 
England,  Carl>ouifcroug 

Cretacetins  In.  479. 
Devonian  in,  2Q1. 
disturlNinces  in.  Hi 
Juraaaic  in,  440. 


in. 


England.  Poat-tertiarr,  Ufa  o( 

Permian  In.  31^ 

BnltcarlKiniferous  in,  818k 

Tertiarv  in,  5£L 

Triassic  in,  433. 

gewlofocal  map  of,  364. 
Entomustrarans,  1 M  j 

range  <>f.  in  time.  401. 
EntonioxikHds,  74'.i^ 
Eocene,  MnVj  ..JJ^l^^i. 

of  Europe,  climate  ot  ■S.'U. 

of  N.  America,  climate  at, 
634. 

planta  of,  in  Europe,  525, 
.'i.U. 

See,  further,  TotnAftT. 
Eociditris,  'SLL 
Kn^Unn  limetitone.  292. 
^ipitliccns,  o2'.ij 
Eosaunis  Acndianus,  Xrl* 
E«>sp<)ii(da  H<x>meri,  'JM. 

vnriana.  '.UL 
Ephemera,  42u.j 
EpiiWter  elegaua,  478. 
Kpidote,  '»7.^ 

Epiornis.   See  .r.PioaHD. 
Epochs,  origin  of.  737. 
Equisetum.  ltift.j  3aL 

columnaro,  4:20. 
EquuH.  ii2L 

in  Missouri  Plioc«I^  &£L 
Ericnlns,  4i!3. 
Erinacnus,  529 J 
Erosion  by  action  of  riren, 

by  oceanic  movementa, 

by  drift  sands,  ML 
extent  of,  over  continents, 
679. 

increase  of.  in  the  Post- 

tertiarv.  illL 
in  New  Lnglai>d.  fiZlL 
over    continent*,  wben 

near  the  ocean's  level, 

topographical  effects  ol^ 

two. 

of  the  cbaunel  of  Niagara, 

of  the  channel  of  the  Co- 
lorado, ML  tiSi.* 
Rniptions.  volcauic,  «v»4,  AM. 
Eryon  nrctiforniia.  Mi  * 
Esctiara,  l.'iX.* 
Esiipus  millstones.  220. 
Estheria  Keuperiaua,  438. 

niinuta,  43i>,*  43tL 

oval  is,  4'J>>  * 

ovsta,  4a.  * 

parva.  4-2ii  * 
Ettlngshatisen,  climate  of  En* 
rope  in  theTert iary ^53^ 
Eucalyptocrinns  deoirus,  J«n. 
Eucyrtidium  Mongolfleri,7Afl. 
Kngnathtis.  427. 
Kumys,  in  U.  Missouri. 
Eunotia  amphioxys,  i 

Argus.  ii31.* 

gibl*.  f>31  * 

gibberula,  fw".!  » 

grauulata, 
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BanotU  ievlii.  fiSI  * 

lonKicornis, 

Monodou,  t>itl.* 

tridvntula,  tai.< 

zebrina,  <>:tl  * 
Bunico,  liii. 
EuomphaliM  profandoB, 
Enphotide,  79.  80  j 
Euritf,  7<ij 

KuroiK-.TTIeof,  in  the  Post-ter- 
tiary, &5iL 
geofcrapby  of,  265,  31 S. 
412.  465.  -t^i.  5<ak  533. 
5i>H. 

Tertiary  climate  of, 
Tertiary  ipcci***  of,  more 
numerous  tlian  thoae  of 
America,  !t'Jt\. 
trendit  of  land  of,  3&.* 
and  America,  difference 
of,  in  projcreM,  3U£L 
Eurylcpiw.  ■'t.'m-'} 

tnberculatiiH.  3fi<L* 
Euryptcrait,  2j'.).} 

remlpe«,^L2&4^  202. 
Enrysternnm  Waglori,  -KV- 
Excremeuu  of  aninuds,  iiUtt. 
KxoKyra.  450.g  ILl 
arietiniu  jli^ 
liouMinKaultii.  487. 
Co«tata.  ilLL*  iZi. 
Icvifcata.  iij^ 
Virjfula,  4M*  ififi. 
flnit  of.  ilAL 
Bxpannion.  change  of  lercl 

from.  71H. 
Extermination  of  tribes, (ami- 
lien.  neiK'ra.  uptyiies,  '208. 
m  ^JOa,       5tx4i  flUL 
Exterminiitionit,  modtira  ex- 
am plea  of,  &ZiL 

FaffiiP  ferruffinpa.  hlA*. 

Fabluuian  bedit.  5:^ 

Falls  of  tlie  Ohio,  coral  reef 

of,-iLl 
nuwiolaria.  flmt  of. 

bnccinoid<^!>.  -ITT.* 

diataiu.  522. 
Fanlt  at  Montmorency,  22L 
FaulU.  H)0.g 

origin  ot  I2L 

in  the  AppalachUuxs,  1^ 
407.  "at. 
Fanna  of  an  age,  harmony  in, 

■m  .Vil.  598. 
FaTiKt«>lla,  ;JUX 

stcllata.  -22a« 
FaroBite*.  1«2J 

baaaltica.  ZZQ. 

Ooldfu«..«i.  273< 

Uothliuidico,    2^  2fl2, 

Niogarcnsia,    238,*  240, 
2i± 

polymorpho.  202. 

Bunily  of,  a  cumprehen- 
■ire  typ<»,  liL 
Feejee  Islands.  SiO. 
Feldspar.  55.g* 
Fells,  5294^ 

atrox,  563. 

■pelssa, 


Felis,  in  the  Upper  BUsMiiri 

Pliocene,  522. 
Fencatella  priaca.  23ft.* 

retiformis,  374. 
Ferns,  ]MA 

in  coal  shales,  327 
aii  41ft. 
FcrrUKinous  sandstone,  3&L 
Fingiil's  Care,  7(>2. 
Fiord  yalleys.  541^  yS. 
Fir-cones,  illL 
i"isbe8.  152.g 

classification  of,  2II4 

first  of,  'JM. 

first  American,  272,  TS&l 

number  of  living,  ■'»75. 

rangu  of,  in  time,  il£L 

first  (Wous.  47;t,*  M». 

in  ('aUkill  U-ds. 

in  tlie  Devonian, 
FU^-teetb  in  the  Ix>wer  Sila- 

rian.  Huppoeed, 
Fissnrra,  dilces  formed  in,  102. 

See  Fractures. 
FlalwJIina  rtiRosa,  IM^  m* 
FlalK-llum  Warleeii.  SIL 
Flexibility  of  ice,  lillL 

of  roclcs,  I2L 
Flexures.    8ec  i^uCATIONS. 
Flint,  &51 

in^retaceoos,  480. 

origin  of,  4S2L 
Flint  implements,  localities  of. 

m 

Flood-plain  of  rivers,  6&S.641. 
Flora.   Se«  I'lajits. 

harmony  ot  in  ages,  302. 

3»fl.  501.  MH. 
Florida,  elevation  oC  &2L 

Tertiary  in,  5ua. 
Flowers,  fossil,  ML 
Fiuccan,  I  .U.j 
Huor  spar.  6a.? 
FliiBtra.  \:>^4 

Fluvio-marine  formations,  650. 


Folds. 


See  rtlCATiojrs. 
Footprints  in  Potsdam  beds, 
185* 

in  the  Snbcarbonlferous, 
:»5.* 

in  the  Triassic,  415j  421,* 
4;y..* 

Poraminifers,  lg3.j* 

Forbes,  fc.,  on  colored  foasil 

shells.  iiiiL  m 
Forbes,  J.  D_  on  glaciers,  673. 
Force  of  running  water,  635, 

MO. 
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Formation.  92J 
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Fossilization.  methods  of;  611. 

Fossils,  5j  m,  iJlL  AOS. 
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Tert  lary,  of  Bmndrtn.514.* 
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2:t:T7'^54  -UMA 
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Harlani,  •2:U.* 
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Fu8ulina,"lM?i2L 
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gran u lata.  iiSUL* 

pntcera,  *i:u)  * 

Bul«»ta.  H'i<>.  51  g  * 
(•ala|tiigiM  Islands,  4&SL 
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Uiinges.  sediment  o^  fi44. 
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Ganoids,  278.?* 
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of  the  Devonian.  201. 
Oanoid  teeth,  structure  of^ 
gft)* 

Oamct.  5LJ* 

Oars,  278.j 

Oasp^.Hamilton  at,  282. 
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r.iieiwi.  tA^  78^  81J 
Uooppert  on  numlter  of  planln 
in  tho  i'ala'ozoic  age*. 
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Gray  liand,  232. 
Great  llritain.  ^  KrrciasA. 
GreenlojuL  glacien  of.  fitW. 
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on   the  Po*t-terllary  of 
Switzerland,  LIL. 
Gymnoaperuiis  IGfi.j 
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jiui.h.ii(i,  nn:.  • 

llalvsitro.  •££i*.J^a(3^ 

catennljiti*,        -iriQ*  240. 
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in'ofip.  oriKin  of.  7ol. 
Ilawiiii,  ortmion  on.  C37. 
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rockii.  70.g  80.^ 
Iguana,  34<'»J 
liuan  ixl  imTmi  462J 

Mnntdliri3b» 

ningc  of,  in  time,  4S7. 
llLi  nut  ArctunuL  210. 

BarrionHis.  m*242.2BL 

cnuwiranda.  210. 

DavlMi.  21 C* 
Illinolii,  Cnrbuniforooa  in,  22L 

Itaniilton  in, 

liudaon  in,  218. 

ItNui-niinm  of,  2QL 

Millstone  grit  in, 322. 

Ningnra  in,  2£L 

Orisknny  in,  202. 

Pcruilan  In.  ULL 

rockii  of.  382. 

BubcarboDiferotta  in,  ^7, 
31)8. 

Uplift*  in,  304. 


I  Illinois,  U.  IlelderlK-rg  in,2IlL 
Illinois  and  Ap|Hilai-iiiMn  ci«U 

nieasurea,  equiraleocy 

ot;32B. 
Imbricatt-a,  280.^ 
India,  Tertiary  Mammala  of; 

a2iL 

Indiana,  Carbonii^roua  in,  323. 

Hamilton  in,  'HilL. 

Millatone  grit  in,  322. 

Niagara  in,  'J3&.. 

Upper  nelderl*erg  in,2I£L 
Indivii|iuilitie«  in  nature,  L 
lufuitorm.  ri-Utiuna  of,  163,^* 
107.^  74».if* 

oct-nuic,  iU12f^L 
iDfuMorijil  bed  of  Barbadoea, 

ImmI  of  Bilio,  ^ 

bed  in  Virginia,  6M,  fil2. 

dUBt-ahowcra,  B28.* 
Ink-bag  of  CalnniaryjiM. 
Inocenunus, 

aviculoidea.  4.8. 

Bambini,  479. 

bifurniis.  479. 

OipiiluH,  478. 

confiTtim-annulatua,  418. 

Cri«pil,  4S7. 

lutua.  479,  487. 

niyiiloi«lfM.  4S7. 

proiileniaticua,  474,*  478, 
487. 

pwudo-mytiloidea,  478. 

Hulileviii.  470. 

nmlHinntns,  ilfi. 
Inacctit,  lo2j 

clMMtiflcation  of,  i2Q. 

nunil>t*r  of  lining,  &7&. 

range  of.  in  time,  4(12. 

CarlMiniferouit,  3^ 

trackx  of,  in  Triaa«ic,i2L* 
Inaectivoi-cH.  423J. 

range  of.  In  time.  &72. 

ninn<upiiU.  424.j 
Iowa,  Carliotiiferotui  in, 

Oiazy  in, 

Qieiunng  in.  2SS. 

Clinton  in,  2:£L 

Iliuiiilton  in.  2«L 

IIndiM>n  In,  Jl^. 

rnck«  of,  lisX. 

Snlina  in.  ^ 

8iilM:arl>i>hifi*niUB  in,  307. 

Tn-iiton  In,  2>Mi. 

upli(t<<  In.  3UL 

l)p|HT  IIi'Mrrljerg  in,  SIL 
Ireland.  rHrlM>nif«>rou«  in,  363. 

Di-vonian  in,  2it4. 

Jurassic  in,  447. 

Perminn  In.  ."7^ 

SnbcMrlxniiferona  in,  SIS. 
Irelelh  slates,  '^SL 
Iron.  63^ 

Iron  oreft,  fi.*).?  SAJ 

ore,  fdsNillfenitw.  'jfi6. 

ore.  inCarl><>uiffroua,22&. 

ore,  argillnceona,  in  Clin- 
ton group.  244* 

ore.  in  Trlaiuiic,  417. 

period.  5><a. 
Ironntofif.  221L 
Iscliypteru!«, 


Tach3rr0myn.tr.  Mlaaouri,  S2L 
Isorrvninl  chart,  42.{ 
Isis  ii'ol.lliii.  67  j 
Island.<'hHin)i.  curvea  in,  80, 

in  the  Pacific,  SI,*  St* 
laopod*.  1&3J 

iHoibermal  chart  of  the  ocean, 
42.J 

line  of  GOP  in  the  Tertiary 
in  N.  America,  fiSL 
Itacidumite.  83j 
Italy,  Cr<-tuccouB  in. 

changes  of  lerel  in  Sera- 
pis,  m 
I  Tea,  on  the  Colorado,  M9, 
««» 

Jackaon  epoch.  &06,  506, 617. 
Janira  hrniicyclica,  62^ 
Jasper.  ^bJ  hAJ 
Jelly  flsKTl^ 
Jet,  W  j 

JewenTE..  on  the  age  of  the 

Cat»kill  be<lM,  UQ. 
Jointed  structure.  99^ 
Joints,  origin  of.  I^T^ 

systems  of.  in  Shawaa- 
gunk  Sits..  230. 

tranm  erse.  inTriaanir  i.'tt 

Juras,  bouldem  on.  ■">^-'' 

eirration  ot,  73: t. 

otilique  scrntrhes  on. 
Jurassic  (»criod.  Anier.,  444. 

jn'riwl,  (breign,  446. 

on  the  Atlantic  border, 

<ua. 

reptilea  in  the  Arctic,!^ 

Kanawha  Salinca,  330. 

Kangaroo,  424 .| 

Knims,  Ciu-bcnlferons  in,  3& 

Permian  in,  3SL 
Kaolin.  fMiA 

Kiutkaskin  limestone,  307. 
Kclloway  rot  k,  448. 
Kendal  tileiitonea,  2QiL 
Kent's  Care,  5^ 
Kentucky,  Carbonlferoaa  la, 
322.328. 

otwl  bods.  thickneaaof^aSl 

linmilton  In.  •3»-.>. 

Millstone  grit  in,  322. 

Siilicarboniferous  in.  3D& 

rpper  Ileldcrlwrg  in,2r0. 
Keokuk  limestone,  StU. 
Keuper.  433. 

Key  West,  oolitic  coral  rock 

at,  20L  2^2. 
Kllanea,  688,  (f<94 
Kiniineridge  clay,  Mii 
Kininieridgian  gn<up,  iilL 
KindcrhiHik  group.  3(i& 
Kingdoms  of  iwture,  L 
Kingomlll  IslamU.  QliL 
Kirk'lnlo  Cnrem,  &^ 
Koninckina.  I83j 
Knorria.  3fifi. 

iniliricata,  M2. 
Kupfcrsrhiefer,  [B2, 
Kyanite, 

Labrador,  Potadam  ia,  ITft. 


INDEX. 


786 


lAbntdor  ca  rrcn  t,  41^  651^ 

Labnuloritc.  tttiJj 

Labyrintbiui'    atructure  of 
Ganoid  teeth,  '-fltf)  * 

LabrriiithoduutJi,  a*5.;  a&fi. 
acntnprcboiiiiiTe  type,&SL 
culiuinatiun  ot.  4'J7. 
Ttinff  of.  in  time.  402,  SIX 

Lftbyrinthtjdon  gigantoua, 

I«ccopteriN  r»lcntiM,  <LSL 

gt>rinlDADs.  iiiU. 
LuertiaiiH,  34<^.| 

culininatloti  of.  iSS. 

rniig:o  of,  in  time,  402. 
Ltekoniiin  group, 

LajcranKe  ffroup, 
Lakc«.  ptKiitions  of,  '2^ 

chania'of  level  in  rorthce 

of,  tm. 
frosh-wuter.  <>f  Tcrtlnry. 
over  U.  Mi**oiiri  region, 

the  great  of  N.  America. 

origin  of,  130. 
witbont  ontletM,  nanolly 

ntit,  £L 
Lake  niatn|ilidri  outline«l.  22SL 
Cbumplain  an  arm  i  f  tbe 

oeaintbo  i*o«t-tertiary, 

M'J.  ail 
Superior  Azoic,  13CL 
Superior  copper,  177.  IQi. 
8upi*rior   l\>t«dam  ImmIs. 

ILLm 
Saperiur  Frimordial  trap, 

Sn|M<rior  Nandotone,  SSiL 
I<ake-h.i1iitation!s  8wiat«, 
Laniantin,  4J:t.? 
lianielltltrancbi  itM,  l.W.} 
Laminated  *trncture.  '.':>_> 

Htructure,  cause  of.  l  iiT. 

•tructure  (if  jilacicrs,  pro- 
duction rif,  iHi. 
I/imi  nation,  obliqnc,  of  lujren, 

Lamua,  ill. 

acuminata,  487. 

clegans,  -TT-*  Jill. 
Land.  nrranv;enient  ot,  10^  13. 

mean  bcigbt  of.  15. 
LKnd-pl;intN.    ."Jew  I'LAXTS. 
Lnnd--in  iil<.  fin»t  of,  in  Carbo- 
niferous, 346,  ML 
Land-fllideH. 

Laramie  Mti.,  dip  of  strata 

near,  532. 
8eo  MisAoiKi,  Uppul 
Uinrentian,  IIJL 

Lead-miniMi  in   Illinola  and 

WiHTunniu.  2QL 

in  Mi-fnouri.  177. 

in  the  i>nfj,liK  -jrOT. 

intli-Tr.-nl.,ii.Jn7. 
Lebanon,  Ml..  flOx-s  of,  fi2SL 
Ijecanocrinn-«  elc:,;anii,  2L2.*. 
licclairc  llmi-Htuno 
Leda,  2££L 

tnulUUiieata,  tilL 


Lcda  Portlandica,  &&2. 
I^-da  clayn. 

LegHmin«!«itva  Marconanua, 
■^71* 

Leidy,  manutialfl  of  tbe  Upper 
Miiwouri,  515^  519.  ttlL 
L«perditia  alta, 
Anna, 

Baltica,  242. 2S2. 

Canaden«i«,    Tar.  nana, 
211* 

cylinilrica,  222. 

Fabulites,  215.* 

Joftcpliiana,  21^ 
Lepidu<lendrid.<i,  'J^^i 
U>pido<lcndron,  3311356.363. 


ChemungeuJiiii.  i^fl. 
clypeutum,  .^"a* 
Oaspianum, 
obovatum,  iWi.* 
priiiiniTum,  2S2.* 
SternU-rgi,  .334. 
Vanuxemi,  2!ML* 
Veltlieiminnum,  342. 
Wortliianum.  342. 
Lepi<lognnoidK,  279. 
LopidoiiiA,  yO-j 
Lepidollte,  y'.g 
Lepidopbliiiiift,  .^.V^. 
Lepidopliylluin,  .Vifi. 
LopidcMtmbuH,  3^5^  35fi. 
l^epidopters, 
liepidottteuit,  t>'i  , 
ow>eu«,  2103 
Lepidotus.  51L 
LeptaMiu,  lH4j* 
deprwsji,  2ljiL 
incnuMatn,  210. 
Moort  i,  ■iM*  4M. 
plicifera,  21».« 
■ericeo,  213,*  216. 220, 224, 

tmn!ivcri)ali«,  24Q,*  201. 

last  of,  4^  AOL. 

range  of,  in  time,  135. 
Leptarrtuti,  U.  MiiMouri,  51 9. i 
Leptaucbenia, 
MU.g 

I/eptochipruH.  U.  Mlg9ouri,521. 


I«-[>to<*iflia  di«parilis,  240.* 
Lejdynite.  7C.g 
l.«pni4,  '>2H.g 

Lodley,  J.  I*..  ii«ctioiu  by,  of 

Coal  mcamrcfl  in  Pa., 

331.332. 
map  of  axes  of  floxnro  in 

Pennxylvauia.  4tHl. 
on   fault  at  Cbaniber«- 

burg,  Pa., 
on  topographical  ofTccta 

of  cro)(iiin,  ChiL 
on  (jiult.t  in  Houtbwcstoni 

Virginia,  72it. 
on   Olacier-scratclies  in 

Pennnylvaniii,  7.M 
work  by,  on  Coal  and  its 

Topography,  330. 
Laaquereux  on  equivalency 

of  oial  hedfi,  332. 
table  of  coal  plantii,  355. 
on  Tertinrv  plauta  and 

fruiti,  513.  Mi. 
LoQcite,  ttL4 

51 


Lcacltophyr,  89j 
Levant  seriea, 
Level,  change!*  of,  in  the  bot- 
tom of  the  ocean,  vary 
the  water-line  along  tba 
continents, 
origin  of  changes  of,  Zlfi. 
oscillations  of,  in  the  Poat- 

tcrtiary,  b£&, 
recent  change*  of,  .VHfi. 
gee,  further,  Elsvatiokb 
and  LIuQHT. 
Lias.  44S.§ 
Lla»n!c  epoch,  447. 
Libellula,  42U.g  4fiL* 
Lichas  Boltoni,  241  .* 

Trentont'usis,  215.* 
Lichens,  l(W>.g 

Life,  earliest  species,  rank  aC, 
3215. 

earliest  species  are  water- 
species,  3U5. 
extinction  of  species  of^ 

fiin 

kindsoC  most  likely  toba- 

conie  f  Mwilieed,  009.610. 
lowest  kinds  of,  the  best 

rock-makers,  (ill. 
materialtofrockH  fruiii.fifl. 
nnmber  of  existing  Hpo- 

cies,  515. 
number  of  s|Micios  of.  In 

L.  Silurian,  220. 
origination  of  species  of^ 

products  contributed  by, 

to  rock-formations, liQfi. 
system  of  pro^rofis  of,  in 

the  course  of  geological 

time,  5ii2. 
relation  of  progress  in,  to 

the  physical  history  of 

the  glol>e, 
protective  effects  of,  flQ4. 
transportation  of  seeds, 

vermin,  Ac,  by,  and 

destructive  effects  of^ 

Life,  oceanic,  distribotion  of, 
illustrated  bv  the  Phy- 
siographic Chart,  44. 
systemleHs,  5'.W.  JiSfL. 
Life,  in  CarlMjuiferons,  .'t43. 
characteristic  of  tho  Co- 

nozoic,  .^71. 
in  Cretaceous,  470^  481. 

in  I]uds«^)n  period.  21S. 

in  Jurassic,  44'.».  4ikL 

In  Lower  llelderU-tg.S&iL 

in  the  Mes«»oic.  41' i. 

in  Niagara  periinl,  232. 

In  tho  Pnln>oy.c)ic,  31tL 

in  Permian,  3Z3. 

in  PotHilam  |>eriod.  202. 

in  Post-tertiary, 

in  P(»«t-tertiary  of  Aiu- 

tralia,  bm^ 
in  Tertiary,  BH. 
in  Trenton  ixrifid.  208- 
in  Trenton  and  Iludsoo 

peric)d«,  22&. 
in  Triassic,  4^8, 120. 
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lignito,  f«j 

of  Hraii'lon,  SUL 
Lignltic  Teitiary  of  Miasis- 
iiippl, 

Tertiary  of  U.  IfiMoari, 

Tertiary  of  Texas, 
Lima.  3m. 

retifi  rn.  MO. 
Lluiariikclathnitd,  !S1L 

fi-utico«a.  ULlL 
Limbur^c  \>f^\n,  it^iL 
Lime,  iili(M|iliato  of,  6&j  SL 
Umefltutip,  aiialyw«  of,  SL 

Nuurcc  of,  '2i>l.  IfT". 

of  Coral  islands,  017,  62*, 

limontniif*,  7(U  Mi 

from  roruU  nnd  abella, 
612.  «;78. 

fk-om  lUiiKopoda,  612,  678. 
Umonitp.OSJ 

Limuiiui,  n>r^ 

rotundatuK,  iVW.* 
LinguU,  15H,>  IM.j*  nw.  m 

aciirninatn,  1S7,  I'jl,  lii^j. 

aati<{ua,  Is7.* 

cuneato. 

Davif-ii,  Uti  * 

lamellata,  2^ 

nitidii,  474. 

OTulis,  fia. 

prlnll^  187,*  325x 

composition  of,  ISA. 
LinffuLi  llap>,  17S,  1K2,  l&L 
Lion,  I'«»t-tortiary,  5<£L 
Liriodentlron,  flnit  of^  471. 

Mwkii.  471.* 

Liotriodon, 

Lithographic  liniMtnnc,  flfW. 

itlutc  of  Sdcnhnfcn,  449. 
Litholo^ical  Ueolopy,  iLi 
Llthu«trotiou  baBaltiformc, 

CanadcniKf,  307, 310,  311* 

nmmillar«',  .n  l  - 
Uttorina  iialliata,  ."i.^^L 

pflittacm,  662. 
Lituitc*.  -JLU 

Farnsworthi.  1&2. 

Inipcrator,  l&L 
Lltnolii  nnutil.-i«lca,  1M,*4«3.* 
Livor«'orti«.  lOi.^ 
LiwinlH.  ^0.? 
Llandrilo  flaK*.  SSA 
Llandovery  IhhIh.  '-'■Tl.g 
Llano  F^tacado, 
Lockport.  N.Y.,  minerals  at, 

m 

Lode.  I 

Logan.  W.  K.,  on  flinU  at 

Montmorency,  227. 
on  Kntidir1«ion-i  of  Azoic, 

Mictions  of  Aitotc  by, 
140 

Potmlam  tracks,  18&. 
LoUko  TuliTarix.  lft»-* 
I^nndon  clay, 
Umi^iynd  rock«,  177. 
Loplil«K|on.  4Ji.j  fffl  6294 
Lorroiuo  shale^  760. 


Lonp  River  jn^np.  .Ml. 
Lower  IleldiTUTj;  limestones. 

Lower  Mo^Mian  limestooo, 

m. 

Lower  8iliirian.  Se<«  8lLt'UAX. 
Lucina  aciililinoata,  {^L. 

contracta,  iiL 

I'ortlandica,  iHSu 

proa  via.  'HA^ 

8ax«'a,  Si2L 
Ludlow  bo^ls.  -Jm. 

ImhIm.  land-plants  in,2!iL 

beds,  Wtwi-en  Silurian 
and  Devonian,  'J&L 
Lnnatia  lleroK,  &£L 
Lychnociininin  Lucerna,  liQ.* 
LycoiKMlIu,  lOVa  Jv3.  :Ui4,  :ili7. 
Lycop<Mlltcis.  36<^. 

Mat  I  hew  i,  290. 
Lydian-Nlonn.  .S5.} 
Lyell,  sulidivinToiuiof  the  Ter- 
tiary, ausL 

observations  on  chanfces 
of  level  in  Sweden,  1>H6. 

Mttchierodud.  U.  Mli«oari,Ufi. 

Kuropi'an,  LUil. 
Mackenzie  Uiver  in  the  Creta- 
ceons  period,  4twy 

River-system,  SL 
Moclnrea  Arctico,  aw,  2H. 

LoRani.  -MO  * 

maKna,  i!<k  ill!,*  2iL 

matutina,  122. 
Macrocheilus  fusiformis,S40.* 
Macro|H-tali('hthvs. 

Sulliv.uitl.  .'TO* 
Macroptenm  <ll  varicana.427.* 
Macropu*.  4-'-rj 
MacrospondvTuK,  346j3  457.} 
Macrothere,  f>2K.y 
Miicrouranu,  1634 
Mactra  fiineriilarkll. 

lateral!*.  i2L 

roHtrala.  4tt.'». 
Madajtasoar.  .Kpiomis  of,  iSSL 
.Miidre|H)rn,  OlhA 

MiH.Hi«j<ippieusis,  q1B> 

|Milniata.  UL 
Madrt'iH>ric  IxJy,  lOOj 
Maestricht  UhU,  fiST^ 
Mn^ienian  limestone,  372. 381. 
MaiL'neHllo. 
Magnesium, 
MaRnetlc  iron  ore,  Klj 
Mtifoititian  (H'oup,  aZT 
Mahoninfc  Kandstone,  .TiO. 
Maine,  Hamilton  in.  '2i£L 

Ix)wer  Holdcrl>erg  in,  2&2. 

Ori<tkttny  in,  'ZSiL 

nplifts  in.  3Q:L 
Malaco!Uk>ids,  749^ 
Malmii  p-oup. 

Malocyslis  Mnrchisoni,  '2M.* 
Mammals,  1  ^'2.} 

classiflcnfTon  of.  i2L 
cnlmlnation  of  the  typo 

of.  SIL 
number  of  livinc.  .WS. 
ranne  of.  in  time,  'n'2. 
Post-tertinry,  large  siso 
vi;  660^^ 


Mammals   of  the  Post-ter- 
tiary roteni|ioraneoaa 
with  Man,  676, 677.  678, 
ftxi.         —  — 
In  the  European  Tertiary, 

typical  character  of  Eo- 
cene, {t£L. 
Mammalian  aire, 
Mamuiolh  OMil  vein,  32T. 
Man,  Age  of,  SnX 

characteristic*  of,  5T8L 
intellectual  character  of, 
how  expressed  In  his 
structure,  613. 
anterior  limbs  not  organs 

of  locomotion.  6il3. 
of  one  species,  ?>K4. 
origin  of.  on  one  conti- 
nent. 

Post-tertiary  mammals 
cotem|>oiHneou«  with, 
67 tf.  677.  I'K  .m  ■ 
skeletons  and  other  relics 
oi;  .^m  s 
Manatee,  extinction  of  a  spe- 
cies of,  LilU. 
Manatus,  423 .g 

Mantellia  megolopbylla,  45T.* 

4fi6. 

Map  of  axes  of  folds  in  Penit- 
sylvanio.  iUHL* 
Atoic.  of  North  America, 
i:tn* 

ofConnecticnt  trap  ridges, 

of  Cretaceous  N.America, 
4k<> 

of  England.  SM  * 
of  United  States.  l.^T* 
of  New  York  and  Caorda, 
170* 

of  Ilawaian  Islands.  3L* 
of  Ltjyalty  group,  -'n  * 
of  MarqucAiis  Island*.  322 
of  New  Caledonia.  ilL* 
of  New  Hebrides.  :il  .* 
of    courses    of  Pacific 

chains.  32J* 
of  submerged  border  of 

continent,  441  .* 
of  Tertiary  of  N.  Ame- 
rica. .Wl* 
of  Tahltion  Islands.  Sl± 
of  trap  of  Connecticut, 
20,*  kL* 
Marble. 

Marbles  of  western  New  Kng- 
land, 

Marcellus  shale.  280. 
Margarita  Nebrascensis,  477.* 
>Iarginella  larvata,  .M?. 
.Mariacrinus  iH'l-ili-'-iiinis,  2SS. 
Marine  formations,  <>.'hj. 
Marl,  Shi 

BhelT.  of  Post-tertiory,  SiH. 
Mames  iris**^.  4JW. 
SInrquesas  I « 1  a tids.reap 
Mar»h.  O.  C.,  on  Koiauras,  afifii^ 
Marshall  gnitip,  '-V^. 
Marsupials,  42:t.j  6<11 

ac«>niprebensivetyp«JS9I. 

range  ol^  in  time,  filiL 
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Martha'd  Vintyard,  Tertiary 

In.  50L  510.  ill* 
Martinia  umbonala,  J&L* 
Maryland,  Cretaceous  in.  4fl£L 
Lower  IIcklcrlM?rgln,2ai 
Oriskauy  in,  'Jim 
Tertiary  in.  oOT,  illL 
MarwiMMl  ftanilstonos, 
Mafl*acliu*ett<»,  Calciforooa  In, 

Carboniferous  in,  324, 22&. 
Putxilam  in.  HZ. 
Putwlam  tm<i\a  in  the 

C«>al  moa«iire«,  S2&i 
TriHMic  in,  4H'). 
Upp<?r  Hf'MerberK  in,2ZQ. 
Ma8t<Klon  t^igniittMw,  6(51,568.* 
longintrttriii. 
Ohioticus,  iiii* 
tapiroideu, 

in  U.  Miaaouri.  621.  522. 
MoAtoduuHaurtis  gigantous, 

Mntinal  noricA. 
SiHuritiiiM.  DiKio  nf.  57^i* 
3Iaycn(-e  banin. 
'Slay-IIili  sandfltunvit,  'iSSL 
Meandrina,  UIH^ 

rate  of  growth  of.  152. 
Ide<lina  Handstone,  ;£IL 
Mediterranean  boflin,  iSL 
MedusB',  tiL 

Meek  A  Ilayden  on  Permian, 

■■no. 

on  Jnrawic,  M&. 

on  (^retaccuun,  i££L 

on  Tertiary  of  the  Upper 
Missouri.  £09. 

on  Tertiary  sliells,  &17.g 
MegnceroM  IlibeniicU't, 
Megatobatrachtis,  :U4.^ 
Slegulonius  Caniidonsts,  2J[9. 
Megalomeryx,  in  U.  Mlsaoari, 

Mflgnlonyx.  423.{ 

jefTerv.tinraaa^ 

M<  tfali>«aur,  :U<>.g 
MeK'Hl«j««aurus  BocklandJ,  452, 

4«Vi.»  iM- 
Mcgaphytiitn,  350. 
>letCR«theneH.  421  jf 
M  i-gai  lieri  uui,~^S^ 

Cuvleri.  5ljS?^ 
Melania,  t)n»t  of,  l&a. 

Nebrasoonsis,  hXT* 
MelapJiyr.  8><J 
Melotiite.t  niultiporn,  313.* 
Melville  Inland,  Carboniferous 

in.  024. 

Momphremagog  Lake,  Upper 

llelderlwrg  at,  210. 
Mcnchikiifr  Island,  QHL 
Monuliraiicbus  lateralis,  Hl.^ 
Meno|Kjnia,  344.^ 
Mercennria  viol  ace*,  52L 
Mer  de  Glace,  ijiii 
Meridian  sericM.  2Zfi. 
Merista  leria,  254.* 

nitida,  ikl,*  -Jiil. 

sntcata,  254,*  m 
Merychippus  in  U.  MJMOuri, 

fjV.i.g  522. 
MerycoduB,  iu  U.  MiM0ori,5ia. 


Meaocoic  time,  ilL 

general  facts  of^  ^Q. 
Metaniorphisui,  7044 

Aeoiir,  145. 

after  Falff>oKoic,  HQ, 
Metamorpbic  rocks,  74j  70M 
Meteoric  stonca.  Si. 
Mexican  plateau,  2L 
Mtascite.  16^ 
Mica,  66j 

HcEIst.  16.} 
Michigan,  Calciforous  in,  HIl 

Carboniferous  in,  'jiL 

coal  field  in.  223. 

Clinton  in.  234. 

Hamilton  in.  '2&i^ 

Hudson  in.  21^ 

imu-niines  in,  143. 

Niagara  iu,  2^ 

Potsdam  iu,  I "3. 

rocks  ot  3i!lL 

Saliforiius  in,  2iL 

Subcarboniferous  in,  SDS. 

Trenton  in.  2UiL 

Up|H'r  Ileldorberg  in,2IIL 
.Michigan  Salt-group,  SUL 
Micnilwicia,  4><a. 
Mlcrodisc-us  quadricoetattu, 

MicrcKlon  bellistriatus,  2(U.* 
Microlabis,  3AH.g 
Microlestes    antiqntu,  435. 
4:w  » 

Microsthenes,  421.^  423. 
Millepores,  10-2,a*  HlKj 

carltouatu  of  magnesia  in, 

>liller.  Hugh,  on  Devonian  in 

Bcotland,  204. 
Millstone  grit.  73. 321. 
Mineral  oil.  75»4. 
Mingnn  Islands,  Calciferoua 
at,  I'l'i. 
IslaiHls.  Cbazy  at,  2QiL 
Minnesota,  Cliazy  in, 
Potsdam  in,  173. 
Miocene.  .VWi^42L 

of  Euro|X',  climate  of,  531. 
of  Europe,  plants  of,  525. 
534. 

See,  further,  TmriAliY. 
Mississipiii  ItaKin,  section  of 
PaWozoic  rocks  iu,  SDL 

Cretaceous  in.  MSL 

Tertiary  in.  5QS. 
Mississippi   River,  dclU  of; 

River,  discharge  and  pitch 

of,  im. 
Rivor,  in  the  Cretaceous, 

400. 

River,  Tertiary  along.507. 
Hiasouri.  Axolr  in,  l.TT. 
Calciferous  in,  1T5. 
Carl>oniferi>us  in.  323.326. 
Chemung  in,  2&S. 
Hamilton  in,  2iil. 
Oriskany  in.  2fitL 
iron-nioun  tains  ol^ 
rocks  ot 
Trenton  in,  2Ufi. 
8ulK»rboniferoua  in,  306, 


Miaaonrl,  TJ.  ITelderbcr!.- i  n  ,?ro. 
Uiatuuri,  Upper  (Incluilint;  Uiv- 

kota,  Nebrask.1,  Black 

Hills,  ic).  Azoic  in,  IISL 
id.,  CretactHHis  iu.46i». 
id.,  Carbouiferoiui  in,  324. 
id.,  Jurassic  iu,  445. 
Id.,  the  PaliBOKoic  largely 

wanting  in,  245. 
id.,  Permian  in,  3fiQ. 
id..  Potsdam  in.  174. 
id..  Tertiary  in.  5W.  SOtt. 

511. 

id..  Triaasic  in.  AIL 
Missouri  River,  discbarge  and 
pitch  of,  ga^L 
River,  in  the  Cretocooiu, 

Mitra  dumoaa,  bUL 

Hilliugtoni,  51L 
Moo,  of  New  /Awland,  fiZS. 
Modiola  angusia,  ;fi2^ 

PalUuil.  ai5. 

Hhawneensis.  243. 
Modioli >| MIS  moiliolHris,  22L* 

orthonota,  2iid. 

primigenius,  2^ 

sulsdatus,  242. 
Molaaso  of  Switzerland,  &21 
Mollusks.  14S  l.V)^j 

numlK>r     living.  575. 

number  uf;  in  iCuropeMi 
Tertiary,  526. 

rank  of  eorlioet,  3SL 
Monitor.  34<V3 
Monkey«,1ISLa 

Ikx'ene,  iulL 

range  nf.  in  time,  fil2i 

marsupial,  ^Hl^ 
MonoclluKl  valleys,  j^O. 
Monocoty  K"<lons,  167  .| 
Mononiyaries,  I57.| 
Monotis.  TiO^ 

concava,  ,171. 

curta,  448.» 

Halll,  3IL 

Hawni.  370.*  3IL 

spehmcaria,  315. 
Monotremes,  4'24jf 
•Monte  U«.lca.  flsHca  oft  528. 
Mtintlivultiii  Atliuiti<a.4T4.47>. 

caryophyllata.  4.'>S.* 
Montniorency.  fault  at,  221. 
Moral  nt<s.  <^"0.i>  1515.  _ 
Mosaic  ctwnu^ony,  143. 
Mosasaur.  -W-H'-^-?  122. 
Mosasaurus  Ilofniunni,  4S&^. 

Muxiniiliani.  4xH. 

Missonricnsis,  ilfi. 
MosrhuH.  520. 
MoNCow  shale,  2Slx 
Mountain-chains,  compodte 

character  of,  Ifl.* 
Mountain-elevation,  tjttmm 

of.  See.SrsTEJi. 
Mountain-limc«tonc,  313. 
Mountains,  15.^ 

but  small  helghU  reUp 
tively  to  the  size  of  tbo 
globe,  iHL 

coursea  ot  the  same  or  difr 
fcrent  in  the  same  region 
la  different  periods,  I2L 
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MoanUins,  oriKin  ot  122. 
beiKht  of.  UuoBTt. 

MoTetni'DU   in    the  earth'a 

emit, 
Muck,  614 


Multunguli»tas<284 
Hurcbiaon,  fvrnilkii  ao  named 

by,  aii^ 
Silurinn  au  named  by,  167. 
Siluria,  I>.y.  -JOL 
Harclii«>iiiA  Aiiitn.  102. 
WUirinrbx,  U>2,  i 

Boyd"-  ;iCL 
inininta,  :ASL 
Rtibanj^iilaU,  871. 
last  of,  374. 

Mii.^  hflknlk,  4& 
Mu-K-i,  106J 
Muitrovito,  dC 
MuntclA, 
MutiUU'H, 
MjH  krt'imriai, 
Myadti-*  I'ciiiiHylranicna,  42B. 
Mjraliiia  Kanwutenjiia,  371. 
porHttoiiuiita,  am.* 

BUUlUAilmtA,  SlL. 

Myliobateis  -Th.J 
Mylodon.  Ii34 

Ilarlani^  5ljfi» 

rubiidtuii,  QtiSL 
Hyo|>horia,  iaiSL 

vulgaris,  131 

lirioata,  4:C..*  i%H. 
Hyrla|Hid.i,  \bl^ 

in  thf  Carboniferooa,  S40.* 

rani^  uf,  in  time,  H£L 
MyrmccobiuK,  4'J4.^  k£L 

Cwciatus,  £23 
MyrnnH-iiphHpw,  4'2SJ^ 
Mytilus  odiiliH, 

raiiiwi, 

rectus,  371. 
Shawneoniilii,  Slfi. 
aquamoaus, 
MystriMMurua  Tiedmanni, 
457  ■» 

Naphtha.   Sm  Pbtkolxuh. 

NaiM>Ioi>n  group, 
NaMhvillc  group,  '217. 
Naasa  triritt^tta,  HL 
Natica  JEtiti>«,  ilL 

clauiia, 

elcgana,  46.5. 

Grotfnlandica, 

Hcrw, 

Viclwburgf  naia,  517. 
NatioipsiM  I'ricfi,  371. 
Nalrolito, 

Nautilua,  ISfi,  ^ 

Dckayi.  477^118. 
elegsiiK,  -IH' 
Iineatu<«,  4<U. 
KonlncJiii,  aifl.« 
MU«>uriunHis, 
Pvrmiauufl,  SiL 
planivolvn^,  .tiO. 
Naotlliteit  Vanuxcnii,  &1L 


Narif  nla  amphioxya,  fiSl-* 

Baciiluiii,  <i:n  .» 

LLuia,  iiHL 

linrolJita.  i.ll.* 

Miw<iiiiiij)piciuUa,  U&, 

Semon,  ft.'A .* 
Navicula  Sigma,  IflC.* 
Nebular  theory,  21L 
Ni-cturua,  ;i£U^ 
Neitlip*  Mortuni,  479,  iSL 
Neticomian,  4M0. 
Noplieliu-doltTito, 
Ncpliflino.  lil.} 
Ncphelinltc,  ^ 
Ncrinrea.  4i"i!). 

Acus,  477.  • 

bitilU;lta.  4'^4.^  4CT. 

f.wlata.  4i  j. 

GiKxihiUli!.  4ai).*  HUl 

OiwK,  4i  ■). 

Toxnna,  HI.* 
Xeriti,  nn»t  of,  4.Vt. 
NV-uroptvrida',  GiiSJ 
Neur<>i>tGriii,  ^iai65.i2D. 

ficxutieii.  dil. 

hiniuta,  XiS*  112. 

Liim-hli.  ■•:74.* 

M<«)rii,  air 

raii^  of,  in  time,  iOL 
N«v6,  GTLJ 

.Nc'wborry,  J.  8.,  on  flah  of  thp 
ComiffrouH,  27'>.* 
on  fi«h  uf  Catakill  group, 

on  fish  of  the  Suhcarboni- 

fL-roua,  « 
on  fixh  of  the  CarlKinifo- 

roiia, 

on  foMil  flowera  and  fruit. 


on  canQc|.coal,  36S. 

on  ruck*  of  th«  Upprr 

Col(>r.ul<i,  417. 
on    Cretaceoua  plantji, 

471* 

on  Tei-tiary  pUnta,  .M.T 
(in  tiio  Colonulo,  :>U'J.  t-"w  * 
New  Bninawick.CarbonifiToua 
in.  3:i4.  IM. 
Dvvoniaii  in,  288. 
MllUton«  grit  in,  32:2. 
SubcHrlHtuiferoua  in,  3QiL 
N©w  Caledonia,  map  of,  "A  .* 
Now   Kiigland,  flexurea  and 
faulta  in.  HM. 
moatly  of  Palaeoxoic  agr, 
4^. 

terraces  in,  557.* 
Newfountlland,  Corboniferoaa 

in.  324,  azia. 

Potadnni  foasiU  in,  IBfl. 
New  Ilobridcn,  map  of.  ^^l  * 
New  Jeraey.  Azoic  in,  137. 

Caudn-Oalli  grit  in,  2S3B. 

Cretaceouo  in.  4f'/9. 

Lower  llelilcrlKTg  in,  2&2. 

aoundiiigs  off  coast  o(|  441. 

Tertiary  in,  5fi7.  510. 

TrinMlc  in.  -fnT 
New  Mexico,  Carbouilbraaa  in, 

Crotiiroooa  in.  46P. 
Lower  Silurian  in,  2^ 


New  Mexico.  Permian  in.  3fl|. 

Upper  Silurian  and  Dt 
Tonian  wautitig  in.  'HL. 
New  Keil  Saudatono.  :;7-2.43a. 
Now  York,  atrata  o^  a  itanS- 
ard,  litfi 

Ajioic  in.  l.T?. 

Calciferoua  in,  175. 

Cauda.Gulii  grit  in,  SB. 

Cliaxy  in,  •Ji.':>. 

Chemung  in,  'JSit 

Clinton  in,  ZA. 

Coal     moojnirea  abaeat 
from,  2!Jkl 

Iliuiiiiton  in. 

Iludaon  in. 

Lower  IIpIderlM<rg  in,  2&L 

Medina  in,  1^. 

Niagara  in,  IS^ 

OntHda  in.  -JSSL 

OrUkuuy  in,  2Q&. 

Portage  in,  2h7. 

Potiwl.^u  In,  173. 

8«liferoua  in,  247. 

Schoharie  in. 

Trenton  in,  Ai(L  . 

Triotoic  in.  41ii-  W 

UpjM>r  lielderbfrg  in,att. 

L'tica  abate  in,  -MS 
New  York  Imrltor,  former  attea 

of;  112^ 
New  Zealand,  Mim  of,  578. 
.Niagara  group,  237. 

period,  '£sL 

American  apecica  in,  oc- 
curring elaewhere,  "JCil. 
and  Clinton,  apecim  rnm- 
mon  to,  iicL 
Niagara  River,  rereawtai  of 
Falla  oC  ^  ^ 
Riter,  ancient  c  hfluuel  ot 

filled  with  drift,  li^ 
Hirer,  at-ctiiHi  alotig.  232.* 
Nictnux,  Oriitkunv  at,  liiiL 
Niobrara  group,  jfiSL 
NoctilucK,  74'^  j 
.No<lat«»ria  rulgHria,  lft4.* 
Nodulea.  piKwpluitir.  tIL{ 
Noeggt-nithia,  XiS,}  m. 
minor,  '.no.' 

ObtUMV,  'J'-  * 

Xon-mantupiola,  421  j 
.N.  American  cooat,  »ao(W«ar» 
of,  iij2. 

N.  America,  mean  height  «f.  14. 
origin  of  grand  (eatarea 

oCIlS. 
eloTation.«  in.  during  tha 

Tertiary  ime,  ^  i3L 
in  the  Cretaceona,  mapo( 

rocent  change  of  leTei  la, 

5S7- 

tlie  continent  of  HerW- 

vorea,  5«  7.  5S5. 
map  of.  In  the  At<>ic,12S:_ 
map  of.  in  the  Cretaoaooa, 

480* 

map  of,  in  the  Tertiary, 

m* 

North  Carolina,  Crelaceow  la, 

4fl9. 

TrioMlc  In,  4iO|ilL 
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Norwny,  Aroic  In. 

iron-niiiifM  of,  HL 

I*riiii(>rciiiil  in.  118. 

Treiitun  in,  ^SIL. 
Non»  ir|i  Cnig,  a:£L 
Not'iiiiia  loricata,  190.* 
NothiMuuiruit  mirabilLi,  43L 

8rtiiiii|K>ri.  ^ 
NotiUuniu  primigonias,  277,* 

.M7.* 
Notorni*.  bSSL 
NutollitTiiini,  424.? 
Noviiculiti*  in  .\rkanmA,  322. 
Nova  ik-4)tia.  Carboniferuiu  in, 

Clinton  in, 

MilUtono  itrit  in,  322. 

Miv;:ini  in.  -SSiL 

OriMkany  in.  '2tML 

Bubc»r(ionifi-njU9  in,  309. 

Tria-i-ic  in.  ilfi. 

aplift!*  in. 

Zfxilitf^  or.  i3QL 
NucltvicriniK.  -'74.  .T03. 

Wnifiiili.  '/Ti  * 
Nncl<-ol(t(M  frucifer.  479. 
Nucula,  JUL  aitU. 

Col)tK>l<li<r,  52L 

(liraricAtu,  521. 
NnlU|»orc-i.  tili. 
Numniuliti'slt>4iJ  514, 

nnmniulnria.  l&LS. 
Nanimulilic  biiK  &22. 
limintonc. 


624, 


Oiihn.  chalk  in.  488.  m 

mixp  of,  31.* 
Oboli  Uis  lS4.jf 

nana,  1S7.* 
Obolui.  1H4*3 

AiK.ilinl*.  1«7.*  217  * 

U-«l)ni(loiicu.s  1£L 
Obsidian,  xsjj 

Occi.icrit.  la,  UT 

OcoauN.  arranKf^mcnt  ol^  IL 

di'i»th  of,  12. 

triMKU  of, 

relation  iM'two^'n  the  sizr 
of.  and  tlic  licii^litA  of 
the  Utrdor*.  'Zi. 
Oceanic  currt  iita,  G52, 

fbrccM,  &[iL 
format  ioit A. 

movrmontii,  KyHtrm  ofJK>.* 

Oculina.  UiX 

MiiwifwippionHiii,  f»l>< 
nilo  of  jfTowtli  of.  T.V2. 

Odontorcphahu  (Kilctiiima, 

OdontopteriA,  338,^  338.  342, 

rrcnulata,  342. 

.S<  hlothcimii,  33a.* 
(Enini;«*n,  f\n]n>^  at. 
Ohio,  (^nrbonifcroua  in,  322. 

Clinton  in,  234. 

Hudson  In,  21S. 

L.  !!^ilurian  in.  2^ 

MilUtono  grit  in.  322. 

niincnU  oU  iu,  X&4. 


Ohio,  NUffara  in,  m 

Port«Ki*  And  Chemung  in. 

BnlH-arlxmiferoua  In,  2U&. 
Upper  Ueldrrberg  iD,2IiL 
uulifl  in,  22H. 
Ohio  KiviT,  diacharRO  of,  63.3. 
Kiwr,  in  the  Cretaceous, 
4m). 

Oldhamia  antiqna,  184  * 

nuliata,  HU  * 
Old  Re<l  SaiidNtoncS^ 
Ulcnns  micrurii!!,  124.* 
OliKoclane. 
Oliva  litterata,  fi2L 
Olivanitfu.  27 4 j 
Olivclla  AlalMjnenBta,  filL 
Olivine.  fAJi 
<)mnivt»rew.  423.? 
Oniphyma  turbinata,  203.* 
Onclnn.  2»''4.j 
Oucida  ronKlnmerato,  230. 

c|>oi'li,  23L 
Onondux^i  limestone,  2GSL 
Ouond  itri  salt  group,  24IL 
Oolite, 

Lower  and  Upper.  448. 

of  Florida  reeCs  Z^t2. 
Oolitic  epoch.  447. 
Odticoid*.  423j 
Opal. 

Ophidnriirt,  34.').j 

Ophilcta  compacta,  ISI,  102, 

coniplanata,  ISIL 

lovata,  102.* 
Ophiolite 
Ophiura, 
Opu»Mini.424 

K«irene.  " 
OracAuthus  .Milleri,  21&. 
Orbirula,  ISL 
OrblN  Kotclla.  &1Z. 
Orbitoidc<».  IMJ 

Mantclli.  blL  filL. 
Orbitollna,  iLiJiia 

Texana,  470.  474.* 
Orbnlina  uiiivenui,  Ifl*.* 
Orchostia,  15<>.*j 
<)rei;»)n,  Cretaceonw  In.  4fi9. 

Tertiary  in.  -MO.  .V.'l. 
Oreoflon  Culbertnunl,  £illL 

grnciliii,  -MQ  * 
Orient,  13,  LL 

the  continent  of  progress, 
.VS."). 

OriKination  of  *pecic«i.  fifll. 

Origin  of  matter,  life,  »pirit. 
and  of  the  spiritual  cle- 
ment in  the  earih'n  ar- 
ranseintMitA,    not  ex- 

iilained  iiy  reference  to 
leat,  w.iter,  or  attrac- 
tion. 740. 
Orinkany  sandntono,  t&kL 
Ormocenifi.  taut  of,  214.2&B. 
crebrioeptnm.  21L 
tenuifllnni.  213.*  2U. 
Ornithorj  nrhii%  424J 
(>r(M|ti«  mamillariit,  qLl* 
Orthi.H.  l«3.*g  \SL 
Itiforata.  21iL 
bllolia,  240,*2fiL 


OrthlM  coBtalls,  210.* 

elognntula,  216,*  242. 26L 
ML 

Flabellulum.  216.*  2BL 
grandfova,  IBI-* 
hybrida.  'irtl. 
Lynx.  213,*  216,  ^  2aL 
Michelini,  var.  Burling' 

tonen'tis,  .'{14.* 
occidentalis,   213.*  230, 

24j. 
panra,  Iftl. 
striatnla,  210. 
testiidinarla,    213.*  220, 


trice  naria,  21  .T* 

Umbraculom,  814.  31 8.* 

rarica,  AU  * 

laKt  of.  aii. 
OrthiNina,  lK4  a 

festinata,  1S7. 
Orth«K"erajt.  If>»).?  303. 

Acicula."i5Sl5 

acnleatuni,34S. 

Iniplicatum.  :£L 

Junceum,  213.* 

Kickapooen.Ke.  311. 

Lamarcki.  IStL 

laqueatum,  192.*  1^ 

moniliforme.  2Q11. 224,349. 

primigeninni,  102.* 

recti-annulatnm,  21Q. 

tennixeptuni,  210. 

undulatnm.  2QL 

vertebralo,  213.* 

rirgatum,  2ilL 
Orthiverata.  hmt  of,  ifljL 
OrthiH-laM*,  &<V{* 
Orthi>n<jta  curta.  212. 

parallela,  20.* 

uiidulata.  gu  * 
Orthoptem.  42QJ 
Orycteropu*, 
OnlMirne  gronpTsSl 
Oscillations  of  lerel,  cause  ot^ 
Tlfi,  1:3. 

of  water-level,  CAtues  ot, 

.•y»7. 72:t. 
thrt>agh  the  IhUtcozoic, 
3Sfl. 

Osmeroides  Lewesiensis.  486.* 

.Mantelir^ 
Onmerus,  ihiLi 
Odtracoida,  l.U.? 

first  of.TSL 

genera  of,  390. 

raniie  of,  in  ttme^401. 
Offtrea,  -K^ft 

acuminata.  4ft4. 

Itellovacin.i.  b2L 

coiiResta,  474,  478. 

dflttiidea,  4'«'(. 

di<«tiirta.  4lja. 

divaricata,  Md. 

expiinHa,  ili^ 

Oeorgiana,  iilS.* 

grepiria, 

Knorri.  4lU. 

LarTa,  HA*  112. 

Mamhil.  4.y.i,-4M.  4'm,478. 

panda.  .Mti. 

•ellirformla,  tiAA 

■uborata,  iZfi, 
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Oitrm  V1okahnrff«iuis,  M«> 

Yir(riiii<'u,  ii^L 

V  out  IT,  olfl. 

Otodao,  IILJ 

mpiHMidlrulatnii,  477* 
OtOKium  MooiHl.  42^, 
Ottawa  Imiiiii,  .Wi. 

liiuiin.  ri'iuorlu  on,  223, 

River  ill  pxistoaca,  300. 
Ottrrlitc.  Ill 
Oormtig,  4:>Z7attL 
Ot>tcrm>.~IUQ 
OtU.  ^ 

Ovnla,  flnt  of.  ISL 
Owen,  R.  (of  I»ndon),  on  Dro 
matlierinm,  AJiL 
on  Ilorblvores,  -t  J-i  3 
OQ  8toriN>f(natbaii,  ifi2. 
OweD,R.(of  t].i<.).on  the  posi- 
tiuim  of  tbo  outliniD  of 
r«>titinent)i,  iffl. 
Ox  Ikinily,  range  of,  in 

Oxford  clay.  448, 
Oxfordian  ip^'Up,  448. 
OxyRvn,  &L 
Oxyrhina.  in. 

haatalia.  fi2L 
Oyster,  crab  found  In,  375. 

Pacbydorma,  range  of.  in  time, 

572. 

Pachynolopnu.  629.3 
Pacbytbrrinm,  12tg  S6fl. 
Pacific.  iibHcnrations  on,  IL 
active  Tolcanowi  in.  ttHii. 
evNtem  of  cnrrentu  in.  42. 
rbang«  of  level  in.  indl- 
dicated  by  coral  ialandu, 
6H7. 

Padflc  inland-cbalna.  30.*  38. 
islandu,  elevations  among, 

{•land*,  eroalon  in,  <V*t7. 
PalaMUter  iimtutina,  ^l-i  * 

NlaKarenlli^  148.*  m 
Palivmon,  ■'<■'>>< 

Pnlft'ecbinii*  ninltipora,  ■^13■* 
I'nlieocrinii*  Htrialim, 
FalRHX-yoii. 

PalRHKycluM  rottiloidefl.  ZS&A 
PalaFocy«tites  tenniradiatu*, 

Ull- 

PnlipobigUH.  IT.  MiMouri,  621. 
FalRtiiiiwua.  '^AL 

Frciealclioiii.  376.* 

IcpiduruK.  279.* 
PnlaMphiii  typbipua.  bUSL 
l'alaH)i)by<  nn  irrcgularia,  17S. 

tnlmlariii.  179. 
Palapoaanr.  346.} 
PiUicoiiaurtiN  CaroUnenaia, 
42«* 

Palii>otbpre.  423.?  62fi,  f.27  3 
Palasitbcrinni  maynuui.  6;^.* 
Palieozoic  time.  li>7. 

general  facta  of,  377. 

tranaitiou  from,  to  Meao- 
xi>ic.  4LL 

Oeiigrnphy  of,  :\sfi. 

forcoa  tbe  aamo  aa  Axolc, 

m 


PaliMzolc,  monntaina  of,  M7. 

rivera  of.  a^ji. 

rix-ki^.  distribution oCSffiL 

nK'k*,  pro|»ortiun  of^  to 

other  rockn,  4i:<. 
rocka,  thlcknew*  of;  817. 
•action  of  tbe  Miaaiaalppi 

l>aain,  37H. 
aection  at  Bore  Bpringat 

Va.,  4tVt. 
icction  at  PottaviUo,  Pa., 

MU. 

PaUpteryx,  &SQ. 
Pnlepbeniera  mediaeTa,  426.* 
Pnlinurua.  abell  of.  (iL 
Pal  Hill  impreMiion,  167.{ 
PaUiobranrha.  HM 
I'ltloplotherium,  526.| 
Palpipoa  priacua.~4tiU 
Palm,  Tertiarv,  ili 
Palma,  flrat  41L 

Tertiar}-.  of  England,  624. 
Palndiiia,  flnit  of.  i^a. 

cariiiifeni,  4»Vi. 

Fluvionim,  4<U.* 
Panoiwa  oblongnla.  ■'>1S 
l>itrnl>atrachu!4  Colei.  IM. 
i*Hra<loxidea  nanphoidca,  1S9. 

Bennetii.  liilL 

Ilarlani.  IM.  tw 

Thompaoni,  IW. 

Vermonlana.  ISQ 
Parifi  basin.  Tertiary  of,  fi2SL 
Parisian  ayKti-m,  52^ 
l*arma  sandstone.  381. 
Paronhite.  QL  >^'^^ 
I'eiirlatone.  SH  " 
I  I'ent.  liiU  .Vttt. 
,  Pecopterldn" 
Pecopterin,  .'t^PT? 

arU>r«wen<»,  UTJS.*  3i2. 

Cyatbea.  rvis,  342. 

nervof«a,  312. 

plumuaa.  'HI, 

nolyniorpba,  3i42. 

Sillimani.  :U2. 

Stuttgartienaia,  42!L* 

nnita, 

Telutina,  342. 

range  of,  in  time,  4itL 
Pecten,  393. 

ipquiralvia.  4<U. 

aviculatua.  ."MQ. 

circulana,  4^7. 

concent  ricna.  62L 

docennariua.  !i2L 

lalandicua,  5o2. 

Lena,  4i4. 

Lyelli.  iillL 

Mortonl.  622.* 

Poulaoni.  618.* 

6-coatatna.  47a. 

Virgininnna,  g2L 
Pegmatite,  70.} 
Pelagoaaunia,  ViLl 
Pellura  holopvga,  189. 
Penipbix  guetiril,  4.'yi.*  4^ 
Pennaylvnnia  coabficld,  map 
of,  3S= 

(anita  in,  iOS. 

map  of  axea  of  flexurca 
in.  406. 

mineral  oil  in,  764. 


la-.  .W]r 
^  ;t:{?fT3i6. 


PennayWania,  aeetkm  ofrocka 

of, 

ra)rlft>rona  in,  17fl. 
Carbonif»roua    in,  322. 

Catpikill  in,  292. 
OBuaa-(ialli  grit  in,  29. 
Clieniung  in.  'AS. 
ainton  in, 
Hamilton  in. 
Iliiditon  in.  21 8. 
L.  lleUlerberg  in,  2^ 
Medina  in,  231. 
Millatone  grit  in, 
Niagara  in.  238. 
Oneiibt  in,  23IL 
Oriakany  in,  2fl& 
Potacbiiu  in.  llh. 
8ul>carbuDiferoua  in,  307, 
.108 

Trenton  in.  207. 

Triaaaic  in.  410. 

Upper  IJelderberg  in^ZQi. 

Utira  ahalc  in, 
Pentacrinna  Aateriacua,  4M,* 

Briarena.  463,  4&L 

Canut-MeiluMe,  IfiL* 

vulgaria.  44>4. 
Pentamerua,  1S34 

aratua,  211 

breviroatria,  2fi1. 

Conrbiainni.  242,  2SL 

clongatua. 

galentiia.  252,  26i,* 

2«-.2.  2t>L 
intcrplicatna.  240.*  2gL 
Knightii.  -yj  * 
oblongua,  'Ob.  gg,* 

242. 

orridentalia.  21fl. 

l.v  ii.|i>-Kaleittil^252,^i; 


PentanuTua  limeatonca.  '2Ii2, 
PentreniitM.  Iti2^  2y<l,  SllL 

florc-nllM,  ;!rj. 

GiKlonii, 


pyriformla,  31^ 
Peperino,  74.> 
Peramelea,_4i4.{ 
Perch.  278J 

Peritala~aTut  Ep<)<  ha.  LTOj 

PeriaJHxlaclyla,  42.'{J} 

Permian  iHTiodr?^, 

Permian  and  Carboniferona 
conformable.  41^ 
and  CarlHiniferuua  uncon- 
formable. 41.> 
in  analogoua  aitoationa 
in  America  and  RoMia. 
373. 

Perrey,  A-,  on  eartliquakea,a» 
evidence  of  internal 
wavea,  ^4,  I^L 

Perthea,  IL  deT  on  human 
relica,  bSL 

Pethcrwin  group,  2St4. 

Petraia,  202. 

corniculnm.  211.* 

Petroleum.  7f>4. 

Petroailex,  7fi.g 

Pbaro|>a  BiiToTS 
limiiliiriia,  2fil. 

PhKUogama,  1C6.| 
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PbalAnRiata,  424^ 
PbaucrtKttumuin  Mnariam, 
474. 

Pharolta  Dnkotensli,  478. 
PliHjicolarctoi»,  4J4^ 

PbaiMrul»thi>riiiiu  Bucklandl, 

453,  is^ 
PhlUI|>«;i.itr<>a  Verneuili.S^ 
PbillipHiii,  •t7rt. 

Clifiuncnitifl,  Ott. 

MiMuuricnsut,  AlfiL 

M>iiiinirera,  319.* 
Phlonoplte,  57  j 
Phoca,  5Ji>.j 

Wymnni,  h2L 
Pholttilumya  Fidicola, 

gitibtMA.  4fi4. 

occiilL'ntiilis,  iZS, 

papyrarrit,  illL 
Phonulitx,  sT.} 
PliiMphitticluNlalM,  66,  67- 

PbrttK'""'*'*''^  ^lii 

imiiiHtiininiTlZB. 
PhrypiiKsi,  J ji)} 
Pliylloirmptm  Typa«,lfiL? 
PbylluiMxIx.  151.2 

a  compreheiulTe  type, 

flrNt  of,  m. 

nin^i<  of,  in  tlm«, 
PhyMi  hi'ltTiMttrupliii,  ItlL 
Pby-wter,  '>•-*■>■? 
Pbysionruphv.  il 
Pbytti<>»;rapbic  Chart,  42. 
.W. 

0(M.|i>Ky.  a. 
Pbytu|Hi.t  tubiiiuAUs,  Zll. 
Phyto^iunis,  i^.f 
Pictet  »in  Din<>wuni,  .'t46. 

on  Tertiary  iiianimulH,529. 
Picturwl  r«K:kfi,  1T4. 
Pi«rre-4-lKit,  a4.i 
Pierre  Kroup,  4liB. 
Pillarcsl  ri»ck!«,  114. 
PinittM  Bnindlingi,  321. 
Pinum  ,S£± 

poracuta,  .'V49. 
PiniiiKni'tcA,  422.j 
Pinnularia  trqual 

boniiliK,  un  * 

pereKrina.  H»fl.* 

tKniuta,  ^■^tl  * 

TiridiK,  tvtl  * 

Tlri<lula,  tVtl  * 
Pinnx  StrohiiA,  1M.« 
PitcbMtnno,  ss^ 
Pitb  of  C«)Dnor«,  33L 
Pith«rnH,  bsi. 
Pjttsl»nrK  conl-lKtl,  3.'10. 
PhiciNluH  inipri^suA,  4^S» 
Plac<>Kitiioi<l<i.  J7^  } 
Plnroi.l-.  JILi 
PUK'ianlaxTm^ 

Uecklexii.  4<».t- 

niitior.  Jiis. 
PlagioHtoina  f^gftotea,  454.* 

PUnerkalk.  ISO. 
Planorl>i-<.  np>t  nC  4M. 
Pbint*.  xulMlivioion*  of;  1B6J 
number  of  llYiug  spec  lea 


Plants,  Palieofoic,  number  of, 

rank  of  CATlieat,  ^ 
and  anintaU,  di4tiuctiun« 

oi;  liL, 
cbanKvd  to  grapbite.  In 
gnuiaa  in  Connecticut, 

tcrrcdtrial,   in  Carboni- 

frroui, 
t«rrMtriHl,    in  OaUkiU 

terrtMtrial,  in  Cfaemang 

group,  '^Mtt, 
terrestrial,  in  Devonian, 

terrestrial,  in  Hamilton 
period,  2£L 

tcrn-fltrial,   in  Ludlow 
bcds,:^ 

terroHtrial,  in  Silurian, 
•i5«i,  Jiii  au. 

terrentrial,  of  TertUry, 
512,  b:2h. 
Plant-growth  «>f  tbo  Carboni- 

ft* muit,  Iki3. 
Plantigrade:*,  AilJ^ 
V\n»Kvr  of  i'lirivWj 
PliMtic  clay,  l££L 
Plateaus  Hi.?2L 
Platinum,  age  u(|  413. 
Platycenw.  J 

auKiilHtum, 

dumtwum,  ;!Ia. 

TcntricoKum,  255. 
Plntycrinuii  SafTortii.  31 'i  * 
PUtyuHtoma  Ni;ig»renaia,241.* 
PliityrrhineH.  42lg 
Plectrodus.  UiVT; 
Pleistocene  ^TfLyell,  523.g 

8ec  PosT-TUiTunT. 
PleKiarctomyN,  5a>j 
Plesiuwitirit,  452"? 
PIraiuMiiirut  eiMtattu,  iSSL. 

dolichotleirus.  452.  4fi6.* 

Ilawkinitii.  4^1. 

marnKepliahM,  462.  A&I.* 

range  of.  4n7. 
PleurocyMtia  squamosufl,  21*2  * 
PleurodontH,  346^ 
Pleurupborus  aubcuneatua, 

■tTO* 

Plenrutoinaria  Anglica,  404. 

Calcifera,  1U2. 
cariiiata,  -"tlft 
cxpanxa.  i£tL. 
grunuliita,  4'>4.  MUl. 
gregwria,  Wl. 
leiiticularid,  213,*  22L 
litorea,  233. 
omat^i,  i5SL 
Bphenilatn.  ."40* 
tal>nlaU.  :U'.t> 
Pllcate<l  rocki*.  cflects  of  ero- 

aion  of,  \M 
Pllcating  force  acting  from 

the  ocmn,  410. 
force,  aniotiiit  ttt,  410. 
force  mIow  and  long  con- 

tinue<l.  ILL 
Plication  of   clayey  layer*. 

71ti* 

of  laynrn  caused  by  ulidea, 

fiji).LllL 


Plieationa,  caiuM  of.  IlfL 

Appiilachiau,  cliaracten 
ot;  41I1L 

map  of  axe«  of,  in  Penn- 
Mylvania,  4<>ti« 

of  Axoic,  1-m  * 
Pliocene,  Soti.g 

plants  oC  in  Kurope,  62S. 

See.  furtber,  TertUUIT. 
PliolopbuJi,  5a».j 
Pli<>pitbecu<s~5^U 
I'louibiereiii,  zeulftei  formed 

at.Ilfi. 
Plumbago,  64._ 
Plumliaginoiu  Khiat,  77  j 
Plymouth  group,  21t4. 
PottciU's  3;ii;4> 

lV»illot>«»ra7TtlK.g 
PodozamitcM  laDceolatnii,  4'20  * 
Po^brotberium,  U.  Hlsauuri, 

aifl. 

Poikilitic  group,  312. 
Point  LevH  rock*  of,  17&. 
PuUiciiHit,  first  oC  4.''j5. 
Pol3'cyMtiue«i,  relatiomi  of^I4&. 

of  narluidiicn,  Ac,  &12. 

in  Richmond  Tertiary .512. 
Polyhalite,  SO^ 
Polynesian  chain  of  islands, 
2U* 

Polyps,  m|  liia. 

fintt  of  true,  2Qfi> 

range  of,  in  time,  4flffit 
Polyptycbodon,  4^12. 
Polytiialamia.  SeeRoOOPOM. 
Poneiit  neriea,  -'Wt> 
Poraml»uiiitc«.  l><;t.g 
Porcelain  Jnj>p«T,  75.^ 
I'orcflanite,  7tf  j 
Porcellia,  Ma' 
Pon  elli..,  1M  * 
Porcupine, 
PorittrH,  liq  01H.g 
Porjdiyrine.  7'.>.| 
Porphyry,  ^Ug  !sLl 
Portage  group,  2hL. 
PorterV  Creek  group,  500. 
Portland  dirt-l>ed,  447,4^ 

Oolite.  44iL 
PortUndian  group,  44&. 
Poaidouia,  421L1 

Bronnii,  44^  404. 

Keu|)erian!i.  4:> 

niiiuita.  42»i.* 
Poaidonia  xcbi-itK,  :UiL 
Poitt-meridian  sericfi,  3Zfla 
Poet-tertiary     |H>ri(Nl,  sob- 
diviaioiiD  of,  .Vta. 

geograptiic^l  progrem  in, 
yfL  552.  itih. 

change  in  the  *yHtem  of 
geological  progrem  in- 
tnxluriHl  with,  535j  LCSL 

elevated  l)eaclieM  of,  5t4DL 

fo«itil»  oC  in  Cuiuida,  552. 

in  Kurope.  .WS 

lacustrine  foniiati<ins,548. 

life  of  AuHtnilia.  5lkL 

maniumlii  cotemporane- 
OUN  with  man,  5iO,  677. 
67t*.  a^tL 

mammnl'4  of  Ruro|ie,  5AiL 

maniiiitilrt  of  Nurtb  Aw9- 
rica,  5liL 
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Poit-tertlnrr  mammalt  of  8. 

AiniTicti,  UH. 

PutMuomya  mactrlformi*, 


PutiuMhini, 

Putt-riocrinnn  longidactjilaa, 

liVi- 

Miiuriurionnft,  102,  Xl^  * 
PotMltini  hikI  CHlcifiTuiu  only 
<>n«>  {ivriiMl,  'Mi. 
Pcri.nl,  ilL 
American.  IJg.  178. 
Eun>p<'an.  TTTTlili. 

firwH-wiiiil  (-f,  ILL 
giicoiu  iK-tiuii  in,  lOA. 
lifo  of,  nil  marine,  Ufi. 
mineniU  t-f,  177. 
rtTffit  ^{oiifni  In.  IHfl. 
brdsthicknrst.if.  17:^3Sfl. 
bwbi  ovcrluiil  by  Carlio- 
iiifi'riiii<<  "i" 


bod.H  oviTlyinK  tlio  AeoIc 

uiiconforniiilily, 
fiMiiH  ill  CnrlKmiforuuH, 


Pourtnlcf*.  on  occurrrnf^  of 
Klii/.o|HMU.  tjli  C*A. 
on  origin  of  groen-Mud, 
740. 

Ftoxzuolnna,  74.? 

Pozzuuli,  chango  of  levrl  at, 


Prairie^  ilUtribution  ot, 
Pri'hnilo, 

Pn»-mi'riilinn  serios,  .TTO. 

Preatvricli,  on  liiiinnn  r<*licf< 
found  with  r<-ni:ilii ;  i.f 
extinct  nmniniAlx,  .VSJ. 

Primal  Kcrico,  :i79. 

PriinoriliAl  |KTiixl,  171. 

renlity  of,  in  Amerlc*, 

European.  HI.  | 
Prince  Hiiwiinl'n  Inlaml,  Car- 1 
iHiniffpiuf  ill,     1.  I 
£<lwanr«  iHlund,  Trtaasic 
in,^ 
Prionajtrfft  oblongii,  45S.* 
Prlono«l(in  in  Californlii,  fi-l. 
PrijKodi-l]ihiniM  gmndteruH, 
47H. 

IlnrI mi,  US. 
ProlH>M-idliu  4.aj 
ProboDcirlinnM.  rango  of,  in 

timo.  572. 
Procamolui,  in  tJ.  MiMonri, 


Product n»,  m,«f  272^576. 
leqniriwtatiu^  SU. 
Com.  :U.S. 
cootnluis  S!)J. 
elrpin!*,  ni4. 
P1<-niitik'il.:n4. 
horri.lii*.  itT4. 
loM^iM'lmJS  aifl,*357,'3fi2. 
Martini.  31  >\.  3GT 
mnricatnn,  :.US. 
pnnrtntu*.  Qli,*  218. 
Rc)gi-r«l,  M^*  371. 
§cal>rlrtiln'<.  '.V'. 
•cmirvticulutua,  348,  302. 
371. 


Prodnrtnn  mihalatiu, 

Kulcaiiui.  Jij^L 
fir.nt  of.  lilO. 
laat  of.  .')74. 
ProiitiH  cnt?i«imargintttna,275. 

81  ok«-«ii,  aiL 
ProgreM  of  lifp  the  tMuis  of 

HiilKliviaiona  into  ag<ts 

11."..  la. 
of  lifo.  fiyitem  of.  in  gi'o- 

l<>;:iral  tinii',  1>V-. 
of  lit'i',  law  of  «>|»eciallza- 

tion    conni-ctcd  with, 

PropalKH>theriuni,  liiSL 
l>ro»>>|x>iii«cu8  jtroMematicus, 

376. 

ProtaxiteH  Logani, 
l»rvt»'U!i,  344.} 

l*roticlinlT«irififi.* 
7-notatuit,  ISO. 
I*rr>t erosan r.  .14ii.g  37CJ 
I'rotfroeanruH  i<|i«nerl,  375.* 
I'mtoj^ino,  thi 

l*rotomeryx,  fn  U.  MI«Bouri, 

.MO. 

Protophytos,  1C^7484 

Crctnc«)U!<,  4hfr 

l»alaH)/olc.  •-TU* 

Tertiary,  6'J4. 

the  eariii'Kt  life,  .MXi. 
Protozmn*,  l.VJ.?  748. 

rl.i.t.M|flrati<>n  of;  748. 

in  Tertiary,  iLL 

llie  earliri^t  life, 
I'rotoy.olc  mrliiittK,  178. 
pKnmnioMn  lintea,  617. 
I'KitroiiiuM,  Xi[i,  .Tr4.} 
i'tu-udoliv.i  vetiwta.  .M7. 
l>M<niIiiniorphi»m,  7Ci4.? 
i'xiKiplivtdii  prliirc|w.  'iS3> 
If  erii  litlivdn,  27 (t.^* 
Iterichth  vH  AoniUHi,  mL 

.Millorl,  •i'.^s* 
Pterocenw,  flr^t  ot,AI^ 
i  tcr.-lncfyl,  340,}  £01. 
Pterodactylu<<  cmaalruMtriiS 
45i  4ii2:*4C6. 

gi(;nnti-nit.  dlbli 

niliKo  ot  4y7. 
Ptcroniti-ji  ChemangonsiH, 

Pteniidivllum  gramiooides, 
4l'j  « 

JieRt  rl.  4-'U,*  iUS. 

l.inaif"ll»tm.  41».  420,438. 

Mnnnteri, 
Pten.|«"U,  18I.* 

cnlniinatiun  of,  :ai7. 

in  t'reen-tHind.  "illl. 

ranire  of,  in  time,  i£tL 
Pteronanni,  34  iii^. 

range  of.  in  time,  tUL 
Pterygotns.  'JLIiA 

bllol.u*.  21 4 > 
rtilMlictyn  feneotnita,  21iL* 
Ptyclimliis,  4734 

MortonI,  47fl.* 
Pudding-«tone. 
I'ulat'ki  Hhalet), 
IMimire.  hH.j 
I'np.-!.  OlHJ  332. 

yetnotn,  2^  348.* 
Purb«ck  bcda,  H&m 


Pnrpnm,  4<W.g 

Puqmri>itl«a    noduUta,  iS6, 
i.a 

Putoria«,  !i3iL2 
Pycnodontn.  2?»0.g 

in  the  Tertiary,  th«  laat 
of,  .VJii. 
Pycoodni  gign«.  ^Hj.  Ml. 
I'yputter  pntelllformit,  465. 
l'y);iiliuni,  iss.) 
I\v;;«.cephalu«  (  ou|M?ri,  3^ 
l*yraniidd  of  Kgypt,  ruck  ct, 

Pyrentvm  Imain,  4S1. 
I'yrcnveii,  elevation  of,  &2SL 
Pyrites,  ciipiH  r,  &4.g 

lr«n.  (>4.-;* 

iron  in  coal.  u:2L 
Pyropliyllite.  ty.j  834 
I'ynixene.  C*Ji* 
I'yroxenlte,  7&4 

Quatlemand-itein.  ISO. 
(juiulrumann,  4 2 J.? 

range  of,  in  time,  {»72. 
Quartx,  f-^.?* 

cryMtaN  in  Arkanau,  322. 

cryNtaU    in  CalcifvrwM 
Mndrock.  Hi. 
Qnartxite, 

Quaternary.     tree  POBT-TOt- 

TI-IKT. 

QuelK>c  group.  176. 
Qurn-u*  myrtifoli*.  i>14.« 
Quito,  plateau  alN>ut, 

Iladiaten,  147,|*  l.'>sj 

nnml>er  01  living,  &Z& 
IlarciMm,  422 j 
Kailiolcpiii  iip«ioauB,  12L 
lUdi»llte!<,  112. 

Aii!>tineni>iii,  474. 

BonrnonI,  4M.* 

lanielliMua,  474. 

Mi.rtonI, 
\Un  of  the  Ko«l  River,  ML 
Kain,  cnuxea  influencing  the 

amount  of,  iti. 
Ttain-prlntH.  05j 
KaniMiy,  on  glnrinl  ecmtchoi 

of  Catwkill  Mtii.,  761. 
Randanlte,  Gl^ 
U.-iniceim  Lyemi, 
Ilauchwncke,  212^ 
Kays,  2ILi 

i:eceplacu1ite  limcatone.  ^! 
ICeceptaculilMi  Neptuni,  224, 

Rod  River,  mfl  of,  (HL 

Heefo.    S^-t?  COKAL. 
Regelation,  f»74.| 
Iteniwolaeria,  1M.{  2SL 

ovoiiles  '-J'"! 
RenMwdaerite.  Sl.j 

a  retmlt  of  uietamotphiim, 


Reptilian  Age,  414, 

contrnjit  of,  with  the  pre- 

pent  in  life.  iiSL 
footprint*.  2W.  316.*  424.* 
i.'W  *  AM  * 
Reptile*,  l.S2.j 

nnmlier  of  liting.  515 
claHiflc»ti«>u  oi;  3^ 
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ReptiJ*^.  rnlminntton  of,  498. 
rMiiKt<  iif,    in  time,  402, 

milk  of  eurlient,  398. 
Ilr»t  ..f.  '-'"S  iti:t. 
Curbonlft-rxju*,  343,  350, 

CnrtKiniferons,  of  Nora 

Hcotia,  :U."i 
IK'Voiiiiiii.  AtS. 
JurnMic,  in  the  Arctic, 

Stil>cnrlH)niffr<iiis,  31  f»- 

Tritusic,  424, 
llo^in*.  09.3 
Ki'ti'jiorH,  ir»S.J 

inci'iitn, 
Retinite.  kk^ 
Retzin  nwllnri*.  S^tl. 

Vernoiiiliinn,  -tli  * 
RlmlMl»rar|ni«.  i^di, 
UblnoccriM. 

Ni-bra-M-cni"!*.  M5.  519.* 

(icci«lt-ii(4tliH.  615. 

ticliorinut.  .VU,  It'l. 

Sli.iri'iK',  5"J9. 

in  IT.  .Mi«ii<>nri, 
RbizuiHuli,  tJL  I'^'t.^*  74S. 

flr«t  of,  :lliL 

Cn'taco-.iw.  472,  4&1.« 

Tertl.iry,  i::iL 

in  Krffn-«an<l,  21  ft.  749. 

of  Ixtttoin  of  ocean,  CI 2. 
C6t.  lifl. 
Rhmleo, 

Rhu«le  Inland,  Carboniferous 

in.  324.  -dih. 
RhoniliifiTH,  279j 
Rbone.  i>f<linifnt  of,  QiS. 
RhyncholitcA.  l.Vu}  4.Vi.8 
Rhy  iichonollH,  "FHlfML 

bi<leuUt4^  2!iL 

bifulcfifa,  21 3  « 

Citpax,  2^ 

cuneat.*.  24^).*  2fiL 

inrrolH*!*ren«,  213.*  220. 

nv)!l(H-tii,  2^ 

nitiiia.  2iiL 

nobiliA,  '"^^ 

0«aK<*n!<i!«,  371- 

p!«-na.  2111* 

pliciitrlla.  201. 

M>nii|)licnt.-i,  255. 

BpinoHii,  iM. 

sulilfpiilit,  202. 

x-cntrici<«i,  2.%4  *  255- 

ran;;**  of.  in  time,  4:1a. 
IlhynclioiK-l1a>coiiiinon  in  tbo 

Trrtiiiry.  52!L 
Rhyncb<»>.-»ur,  5lil.} 
Rhynch>it<;innii«  nrliccp^,  i3&. 
Rhynclii)'<pira  aprinii*,  2<il . 
Rlll-ni.^rk*.  \n:t* 
Ripl.lolit...  fiTT" 
Riplik-iii  <rk-<.  94  ?*  6<U. 

in  HiiniiUcii  IxnIk.  :JS2. 

in  I'orttiK''  nnil  Chemang 
fT<>u|>H.  2SiS- 

in  Potiwlnm  b«Hl*,  17fl. 

in  ^^n^M•J^rl^«ln^fo^c»lln,  31L 
River-syt^-nn,  '£L 
Rivera,  nction  of.  In  making 
Tall«y»,  GuL. 


Rivcrn.  erosion  by,  fiSS. 

r>r>  «»  of,  iLH  related  to  TO- 

l<«"ity,  <i:i.'>. 
foriiintiiin  nnd  flow  of.0.32. 
increiuitf  of,  in  tbe  l*t«t- 

tertiary.  .'<70. 
of  tlie  I'liliVi.zolc, 
Bmnll  in  Devonian,  3UQ. 
n.M-k  Citv.  32L 

Kock>niakinK,  conditioiu  of, 
llfii. 

Rocks,  roiiAtiturnt«  of,  49.^ 
kind*  of.  7".? 
ittrncture  oi.  71  j 
ui:id<'  by  Rbizoimdfl, 

f.TS. 

of  coral  reef*,  C17. 
iM-dinK-ntary,  formation 

of,  *>7S, 
volcanic,  OBO.  703. 
Rm-ky  .Mto.,  Carboniferomi  In, 

a -'4. 

Cretnceoiw  in,  4ffl> 
{^ubcarboiiiforuu^in,  308, 
elevation  of,  .V'.l. 
in  Carl>oniferouii  Period, 

in  i>niK>o7.oic-,  asa. 

in  tbe  Devonian,  300. 
•cctioii  of,  17.* 
Rodent*,  423J 

miiKe  of.  In  time,  R72. 
KuKen),  \V.  B.  A  XL  IL. "»  Ap- 
|Kilficiiiun   fjtultit  and 
flexnres,  403,  4o7,  liL 
II.  D.,  on  rocks  of  I'eun- 
xylvanla,  ISIiL 
Riwtell.-iria  Americana,  477.* 

velatUR,  .'il7. 
Rotnlia  Baileyi.  aiL 
lloucana,  liV4.* 

f:loliiil(isa.  !<'►*  * 
enticillillA,  ili. 
senaria,  474 
Uotb-to4lt-lieKcnde,  2I2> 
iCwIisten.  472.? 
Rnineil  Clfy732L 
Ruminant*,  422.1 

range  oC  in  timc,&I:L 
Rapeliaii  Rfonp.  52X 
RusHia.  CarlKiniferoufl  in,  3^ 
Cret»C(«>uH  in.  iM. 
Devonian  in,  295. 
Ijower  Silurian  in,  201. 
Permian  in,  2l12. 
i^ulK-arlxiniferonii  in,21fi. 
TrianKic  in.  433. 
lUitiodon  CarolhienHlfl,  428  * 

.Sabal,  flPft  of.  ilL 

Tertiary, 
.''accharoiilnl  i»iiii<lntone,  3S3- 
.•^acciicoma  |iectinuta,  Aji* 
Saflbrd,  on  rockn  of  Tennciwee, 

Sai^nnrin  fliemnntreneifl,  280. 
Sabara.  DeMjrt  of,  41. 
.Still  ito.l'iOj 
St7TTeTeii>  pronp,  522. 
St.  Lawrence   River,  in  tbo 
Carboniferou*.  P-t'-'t. 
River,  in  tbo  DuvouUin, 

ausL 


St.  Lawrcncft  Rirer-iyiitcm, 
22. 

St.  Lonin  limestone,  .T07. 
.^t.  Peter'*  Mtii<l!«toiie,  17->.  2Q&. 
.'Jt.  Pierre  group.  Seo  PiCRRS. 
.Sibiniandroidt.  344 
Snliferoii^  eixjcli.  iLfil 

rocks  now  ftirmod,  249. 

l»e<l<«,  Triiuwic,  of  Europe, 

■LU. 

Ralina  |K-rio<l,  2Jfi. 

Milt-well!4.  21^ 
8ali8bnriI^  :r.7  » 
Salix.  flntt  of.  ilL 

Meekii.  471  * 
Salmon,  27S.2 
S.ilt  in  Ktigland,  433. 
Salt-wurkH  of  Fniiice,  433. 

of  tiemiaiiv,  41i3. 

of  Salinn,  Ac^ai 
.^It-^roup,  Oiiondapv  241L 
Salterella  pulcbelhi,  187. 

niKi>«a,  1S7. 
Sand.  6^  74.g 
.^and-bar*  of  coaatit,  Cd 
Saiid-«lrifl  Htriirlure,  93.j 
Sand-bilU  (-n  m-a-Mbore*,  1128. 
8and-#cnitcbe8,  li3L.* 
Sandnvk,  cilcareoui,  734 
ijand.''lone,  55,  70,  73.j 

origin  of,  .•177 
Sandy   Ibxik,  formation  of^ 

Sikudwich  Islaudn.   See  Ilk- 

WAIAX. 

Siio  bintuta,  194  * 
.Sappbirina  Iri*,  l-Vt  * 
Sanitoga  Sprints,  219. 
.SirgoiMo  Seii, 

.SiMnfrm*  Cretaceum,  471  .* 
tNiurians,  3lii.? 

See  Reptiles. 
Saurian  coprolito,  4.'i7.* 
Sauroids,  2so.} 

Saurocnplialuit  lanciformln, 
4S7. 

Saurripun  primirvun,  310. 21^ 

Stxicava  ruj;<">.i,  hliL. 

Saxicava  K.'iiid.  552. 

Siixony,  «li«tiirlanoe^  in,iLL 
Permian  in. 

Soilaria  Oroenlanilira,  f^'i- 

Kcaldixian  irroup. 

S  alent  jiorie*,  3IiL 

.<<-aj:li.'»,  mL 

.S-nlite*  an^ilatua,  210.* 

ScapblteA,  iLll 
nHlualis  4fiL 
Coiiradi.  ili  47ff  * 
larva-formic*.  47".*478.487. 
>Varreni.  HiL 

S-npolitc,  5^ 

Snii-K  of  Con i fen,  X\i,*  336* 
.S  elidotberium,  4'ii.i  5ijlL 
.'^i  billeritc.  82.} 
S  lii«t,  varieties  ot  11.1 81 
Scliizodn*  Rot'lrns  3lL 

Si-blotbelmii,  SiSl. 

lawt  of.  3IlL 
,<Vbabarie  p  it,  2Q0. 
Srbuvlkill  e|NKb,  300. 
ilkolocite, 
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ScollthiM  linearis,  185.*  187. 

8colo|>on<lritc«,  3StL 
Bcoria,  »iyo^ 
grorinctHmii  rwrks,  72.| 
ficotlaiid.  Cnrbunileruna 

Dovoniiin  In,  204. 
Scratcbof*,  drift, 

glncial,  07 <i.  •>"". 
ScrmtcliinK.  by  nlitltm  of  rock. 

8cymnu«  in  Califoniia.  &2L 
S<-.v|)liia  rc'tlouliitK. 
S«'ii-Ani'mon»',  !•">><.{* 
8«u-b«achcH    t7  Champlnin 

cpiioli,  r>4". 
alMviit  frum  New  Knxliinil 

at  (>levjitioii.<«  above 

fi'i't,  Mi  iiia. 

f<4>a-w<'<-<l.'*.    Sco  ALOii. 
8«U.  4i.'.} 

f<M<Hil,  {iliL 
8oa»i. 

Bvctiun,  >{t"ncral,  of  the  wrtt* 
of  KtDlugiciil  furmutioiiii, 
lai* 

of  c<al-mcArarc3  at  Trc- 

T<irton  Uap,  I'n..  404.* 
of  coul-moaaun-it  twnr  Ni"«- 

qui'lutninx.  I'n^  4i>a.* 
of  till'  cual-nicvuurtit  with 

tretn.  3-ii;.* 
Idi'itl,  oftlie  A])palachiaii!<, 

4«>:.* 

of  ('lifiiitinc  IhwK  2H8.* 
at  (icui'M-o  Full.*,  -231 
of  riK-kH  of  llliiioi*, 
of  rrK-k*  of  I>>wn,  ."iSl. 
of  riH-kn  <if  Mirhlpm,  SSIL 
of  ri>('ki«  <tf  Ml.-«fu>nri,  lii^ 
of  New  Y»trk,  171* 
in  N<'w  York,  south  fmm 

L.  <»iitarim  -.Ml* 
at  Ninxani  Hivcr,  SSif 
of    I'nin-tixoic    at  Boro 

PprinjtH.  Va..  Mi.* 
of  I'uln'o/oic  rorkN  in  tho 

Mifuiipiiiiiiii  liaxiii,  ;t7S.* 
of  ruckit  uf  IVuiiMjivuniii, 

:t7i». 

of  l'i)la>o7x>lr  at  Pottuvill*', 

Ta.,  JM.» 
of  roi'kst  <  »f  Tf'nneMco,  3S1. 
8«ctionN  <.>f  c<i:tl-in<':u'iin'!<.  li'JA, 
4'>3,«  4i)4-« 
of  nnconfiiriuuTilc  Curb«v 

niftTKii*,  .'fj).* 
of  IliUiiiUon  »»ffU.2«1.2S8* 


S«4linieiit  of  rivop.,  iHH.g 
HfUimenlary  nu  k*.  7".{> 

■tr:ita.  iniMlt'.'i  of  format  Ion 
ot  i,7S. 

Sodg^'ick.  oil  DoTunlan  In  F.ng- 
litiiil,  J't. 
tho  term  Cnmbrian,  pro- 
IH>«til  by,  177. 
8<!UchiniiN,  j 

niniri'  of.  in  time,  402, 572. 
Pola(riiiii'><.  :^^>0■ 
8<-lv:i-...  I -it.} 
tk-pia,  4oI. 


of, 


of 


Scml-oTlpamnH,  423, 
S<'mnopitli«H-uii,  U'M. 
S-iiunian  k^uuis 
S'ptaria,  Wt.i 

t^-rapit,  clmnRP  of  loTcl  In  th« 
temple  of  Jupiter. 

7ia. 

S«'n)ll»,  154.* 
.^«-nx>ntlnc.  iiL?  82.} 
S-rtulnria.  IftTf 

abiclina,  li«v* 

nwaccA,  USL* 
Shales,  few  foK.>iilii  In,  219. 

uriRiii  of.  'JUL 
8hHly  Btructnre.  93.{ 
8haler,  on  aji^e  of  Anticoatl 

rocks,  m 
Sharks,  ',^.9 

Sharks'  teeth,  abnndancs 

In  Tertiary-,  fcUL 
Shawanfoink  gnt,  2no. 
MountaiuA.  system 
joints  in,  ;£I1L 
.■ihelMimestone,  86j 
Shell-marl, 

Shells  in  C'lnTlHHlK.  3flfi. 
Slic'piH'y,  fivwil  fruits  of^  524. 
Sliotover  sand.  44H. 
Shower,  dust,  £22. 
Shuuuipl,  11.  F.,  on  Texas  Cre- 
taoMim,  470. 

on  Ti'XiKt  Teriiar*'.  WSL 
."Icily,  elevatifm  of,  JhiL 

erotiion  uf  the  i^inicto  In, 
few. 

Plioreno  of, 
SielHildia,  :U4.; 
SI.-rrH,  lIKf 
.'^it.'ill.irlitraa.*  SXij 

alveolarix.  Uii 

nrtH'hnntt,  ^iZ. 

CliemungenKis,  7SSL 

minutii,  :^^7. 

olwvata,  XV)* 

oculnta,  :CH1* 

g<Tlil.  3ii 

•tellatu. 

trtiwlatii.  312. 
Sigillnrin-,  or  SiidlUridf,  33&,| 

:i4i;v.  .T.t.\  41H. 

Filira.  soluble,  4SS  » 
.Siliceous  (;rotip.  31aL 

miiterials  of  rocks  fmm 
llvlnn  species,  66^  07. 
silicon,  £LJ 
(Cillery  (uindstone.  IZfi. 
Sillinmnltc,  &8J 
Silt,  74J  — 

itfTTvent,  ammint  of^  ft43j 
Silurian  sk'\  1'  T.g 

snlM]ivi<<ions  of,  168. 

I/iwer.  171. 

Lower,  number  of  species 
In, 

I/oM  er,  thick ne«s  of.  .tSfl. 
LiiMer,    uKxtly  nl>«cnt 

from  U.  Mittsouri, 
Upper,  'iSL 

rpjHT,  OenenU  Observa- 
tions on, 
Up|»er,  features  of  life  of, 

'2M 


Silarian,  Tpper,  nnrob^r  of 
siM?cie«  in.  2^ 
I'pper,  climate  of.  2f»9. 
lJp|>er,  thickiieM  oC  2S(L 
Upper,  alioent  from  Upper 

Missouri, 
Upper,  Arctic  American 
species    of.  occnrring 
elsewhere.  'iSSL 
and  I>eTonian  unit<<d  by 
the  Ludlow  l>e>is.  '^jL. 
Pimeto.  erosion  of  the,  fifiL 
f  inemurian  group,  44ft. 
Siphonated  Conchifers,  387. 
Siphouia  lobata.  4>Si't.* 
t'iphonotreta, 

unKuiculata,  21<.* 
Siredon.  .'U4.g 
Siren.  MQ~^ 
Sirenia.  i'Si.j 
Sivatherium.  529. 
Siwalik  Hills,  Mammal*  of. 

&2SL 
Slate,  I'Jj 

Slaty  cleara^  or  stmctnrei, 
lOOj 

clearaire.  origin  oC  "37- 
clearage.  production  of  In 
glncier-lceT  674. 

Slides,  IMiL 

Slo|»i>  of  Andosk,  HL 

of  Kocky  Mountaina,  IB-* 
of  Tolcanic  mouutaina, 

Sloth,  4^ 

trttte,  Miriiest  of^ 
Snakes.  'MhA 

fimt  of,  ^IfiL 
Snecdville  limestone.  384. 
,^'now-liiie  on  heights.  871. 
SwpMtone.  <n.jj 
.^'oiMtonnais  beds, 
.Sileniya,  [ML 
.•s.len  remiianun.  3IL 
•Silenhofen  beds,  HSm. 
Snlfatnras. 

Solidun^lates,  423.} 
Solitaire,  CiltL* 
Soluble  silica.  48^ 
Soundings  off  >ew  Jersey  and 

Long  Island,  441. 
S.  America.  Cretacenos  in,  ML 

JuniMic  in.  447. 

m<-an  height  of,  1^ 
South  Carolina.  Cietnceoua  In, 

Tertlar>-  In.  MILMBL 
Spain.  CarlMiniferous  in, 

Cretaceous  in.  4H\. 

Lower  Silnrian  in,  2BL 

Sn)>carlK>nif<>rous  in.AU. 

Triasoic  in.  ^ 
Spalacotherium  tricuspidena, 

Simtangus.  160J 
Sitecialization,  law  of.  •*»<» 

exampl<v<i  of  law  of,  in  the 
<-arih°«  history.  Tiffi. 
Species.  Lirr.' .Vmsals, 

Plasts. 
SjHH-nlnr  iron,  ftj,  R3.} 
Sphenophylltiin.  ^Ul.  :'>W 
autiijuinii,  JX>. 
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Sphonophyllani  emArg{D»> 

turn.  ItLL 
Schluthciiuii.  JilJ 

gphenopteridie,  iUS^ 

8pheaopt«ris,  iHth^ 

range  ul,  in  tlmo,  i&L 
artuiniiiiwrulia,  iUij. 

ilrnvenborHtii,  lUlL* 

latifolia,  :iU. 

laxim,  m« 

N(>wl>orryi, 

obtOHilobo,  lU:^ 

polrphyllA,  aii. 

tritLictyliii.  lyu. 
8phemzouiii  orientate,  748. 
SpiitTulite*,  HH.g 

Spicula  of  st|xjngfs  1^ 

Bpident.  182,8  350. 

first  uf,  4jiL* 

range  uf,  in  time,  ^122. 
8pinax,  IlSLi 

Uliiinvillil,  277* 
8pirif«r.  l  s^*g  m 

acuminatuH,  '.74.* 

areno^us,  JsiL 

iiipiiMtiw.  aia.* 

caiueratus,  'Ml,*  3Zla 
Clannyanus,  ItliL 
ooncinnii^  '^it^ 
crispu.i.  1^  ML 
criMtatiM,  '<"-t. 

dL-OuHctUH,  1 
gignnteiu.  iJUit* 

guiMsr.  m  aitf.* 

gmnulifeni*. 
eregnriU!!,  .iT-*-* 
inrraMMttiiji,  JH. 
increlxwcen*,  IILL 
Kcntuckontiim 
lineatus  iUi<i  3^ 
macruplourtu,  202^  2bi.* 

MeuMbachanuA,  211.* 

macronatns.  iSi.* 

NiagarrnAio, 

ortoplicatms  lill.* 

poctinifcrun,  JUL 

porlam<!lU>«n«, 

plnnoconruxum  JUL 

radiatu.'*,  J:i7.  'M,  QSL 

rugoduit,  2^ 

•pecioituii, 

iipinu«U4,  HIA. 

■triatiM.  iHl*  :U7. 

sulcsitiw,  ii0^2flL 

unibonatus,  2&L* 

nnoiniitiiM, 

undulatu^  i£LL 

Uril.  .TiLiClL 

Walcotti.  iXi*. 

rango  of.  in  time,  i9&. 

iMit  uC  ^ 
Bplriferiiiit  (—  Splrifer)  W»l 

cottl.  l&L 
Bpirigera  liunellnaa, 
Spiritual    element    in  the 
Mrth'a  arrnngementii, 
740. 


Bpirorbis,  3^  398. 
Sfpirulu,  \Ii>j4 
Sponge^  Hil^ 

»n>icula  ol  Ifi.^  482.*748.< 


rvlatioiiH  uf,  "4^ 
in  tWy,  auu. 
in  CretjiciNXU,  i&2. 
in  PotMltuu.  llkL* 
in  Trt-nton,  2LL 
SpoDgiolithiit  appendiculata, 

Spore,  lc>a.g 
Springs,  thermal.  AIL 

thermal,  in  nietamorpbic 
rcgioiu,  710. 

tbenital,  in  Tolcaaic  re- 
gions, tiUL 
SqaaliMlon,  529.| 
S<)oaJoiiunta,  278.^ 

first  ot,  473. 

range  of,  in  time,  SUL 
Squaloitijt,  1*7 
Hiiualus  curuubicos,  fiL 
S<iiiiU,  ILiLi 
Squirrel,  4i:}.g 

Stag  fitiuily,  range  of^  in  time, 

Stalactite,  85J 
ytalftfccmite,  <»4 

SUr-fii»bc«,  range  of^  in  time, 
i«ii> 

SUurotide,  &8.|* 
Steam,  agency  of  superheated. 

in  nietaniorpiiiitm,  'O'^. 
Steatltf.  tjl.^  ?>l.g 
StulT«-U!<iti,  Ikiii. 
Steni'ortber,  OJl'.g 
Stcuvocwiuni^  :t4<t,g  4fiL 
Stenoixjra.  Ivxt.g 
titcplianucriuiia  anguUtiu, 

StcreognatbuH,  4fl2.j  &IL 
SternlK-rgia,  2H.';.^  :«7.g 
Stigniaria, 

AnnlMtlira,  liLL 

flcoi.le*, 

minor,  :U2. 

nndulata,  ai42. 
8tilbite,  (Uj 
Stinkntoin, 

St<x-I(bridge  marble,  3fiL 

Stone  period,  Ll^ 

Stonestield  i>Ute,  44S. 

Stonesi  Kivcr  group,  2&L 

Strata,  poeitiouM  of,  liiL 
dialdcationa  uf,  lOT.j 
onlcr  uf  arrangement  of^ 

Stratification,  90,  91  j 
Stratified  n<k«.  70.? 

modm  of  formation  of.C78. 
thirknesB  of;  UlL 
Stratum,  914 
III  lie 


8trei)«irrbiiie*,  i22J 
Strtptorliyncbus  MlMourien- 
bIk  iHL 
Umbraculuiu,  Sl^  SIE*^ 

SLL 

Strickland,  on  the  Dodo, 
Stricklandia,  Ibl.g 
elonKnta,^ZL3r 
Strike,  I05.j 


RtTlngocephnln*.  ISl.jl  SKL 
Stroniut4>p<irn,  U'l-^ 

concentriosSs^  242.281, 
•i».-2. 

StromlMli,  8B2. 
.Strombu.*,  flrat  oti&L 
Strophalo!(ia,  1  H4.|  Sfi. 

cxcavata,lS[Sr 

la«t  of,  ^iliL 
Stropbomena,  IM.g* 

alternata,  216.  MO, 

m 

panctulifera,  2^5. 
radiatji,  •.i.%4.*  '.^bh. 
rugow^  ^03^  240,5  3^ 

U55,2fiL~ 
range  of,  in  time,  4S5. 
Sturgeon,  2782 
fiubapcnnine  Tertiary,  2i2Q. 
SubcarbonifeniUft  period,  iitifi. 

coal  in,  'Jt£L 
Subeidence,  cauaea  of,  UiL 
ueresiwry  for  the  forma- 
tion of  a  thick  series  of 
strata,  025. 
alow  daring  rock-fbrma- 

tion,  213L 
through  the  Palsoxoic, 
388. 

of  N.  America  during  the 
Drift  eiKich,  evidcDce 
against,  ^52. 

of  the  ChanipUiin  epoch, 

of  the  British  Channel, 
7:u 

of  the  Me<Uterranean  in 

the  Poet-tertiar)-,  134. 
of  the  Pacific  indicated 

by  coral  iolandH,  bSL. 
originating    the  dcprce- 
sionn  of  Lake  Cbam- 
pliitn    and  the  Oreat 
Lakes,  m. 

Sutwidenccs  in  tho  Appala^ 
chian!<,  ^SL 

Suctoria,  HdiiA 

Suffolk  crag,  &23. 

Sulphur,  Mjf 
spring!!.  *24&. 

Sumter  K|Kit  b,  506,  511.  ^22. 

Superga  Hill.  5c£iL 

Super|HjMitioa,  onler  of, 

Surgi-nt  series,  IlIiL 

Surirella  craticula,  1)31.* 

i>us,  £i2U. 

Swallow  on  rocks  of  Mi«»onrl, 

383. 

Swallow  A  Uawn  on  Permian, 

.frn. 

Swnntun,  rocks  at,  114. 
Sweden,  recent  change  of  ICTol 
in,^ 
Atoic  in,  137^ 
Cretaceous  in,  4Ifi. 
iron-mines  of.  14L 
I>rimonlial  in,  IIS. 
Trenton  in,  Aff. 
Switzerland,  Cretaceous  in, 
4VL 

Tertiiiry  In,  523. 
glarliT  regions  of,  SSSL. 
great  glacier  of;  &4&. 
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Bwltserl.ind.  rnrmatinni  and 
nnimalit the  I'unt-ter- 
tiary  and  it^o  of  Mnti, 

lak(>-hat(itntiona  iu, 
Syenite.  TS^ 
Byncliital.  hihA 

valleys.  hiS,  722. 
Syncorvua,  1« 
Synodni  I'lna,  lial* 
ByntbPtic  tyiwn,  306.}  203^ 

Sec,  furtlKTjToMPECHEJr- 
sivc. 

BymcuHe  mH-wliIIii. 
ByriufCMiuiKlruit,  3.')<>. 
8yrinK<^>|Hii-»  Ilifiinccri, 
Maclurii,  -T.t.* 
obskik'tiv,  2.a>* 
8yBt«mH  of  niouutain-elevn- 
tiuiiK,  Aiii«>ricaii,  of  tliu 
Lauren  tiun,    1^  1*4, 
147,  as7. 
of TFIT  Hiin.iilan.  14'ZIOO. 
of  the  (Irifit  Mouutailut, 

svH.  .tin. 

of  tho  Ai)|>alAch!mn8,  4iSL 
of  tlict  Mt'!M>z<tic  trap  aiid 

Miuilxtone,  4'i8. 
of  the  main  ntiu^fi  of  tho 

Kockv  Mt».,  asiL  LaL 
Bystemii  of  mountaiii-cleT«> 

tiun.Kun>|>enn.  of  We*t- 

niorelanil  and  the  lluns- 

driu  k,  auii 
of  the  N.  «r  KiigUnd,  iH 
of  th«'  Netlierlands,  or  of 

Ilainault.  4LL 
Of  the  Rhine,  412. 
of  tlioTIiurinislan  Forc«t, 

Ul-2 

of  theCAtcd'Or,  aoi 
of  Monte  Viwo.  6<i3. 
of  the  I'yreneeii  and  Ju- 
lian Alim. 
of  the  clialn  of  Condca, 

of  tlie  Wentem  Alp«.  S£L 
of  the  Knftem  or  Prin- 
cipnl  AliMi.  LiSSu 
SystenilcM  animals,  607,  liS. 

Tabcllarin,  <«1 
Taronir  rock*.  ITfl. 
Twniaster  npin  hju,  212.* 
Tahitian  I'lundK,  niap  oi;  XL* 
Tall-,  01. J  si. J 
Talcoo*'  iH-liiHt,  gl4 
Talpn,  ^IjlLi 

Tancrodlaw'arrenlana,  446.* 
Tapir,  42^ 
Tapirotherlnm,  629j 
Ta|>iru!i,  [i'£t } 
Taxinen-.  ;a7  j 
Tele<wnur.  rur>.}  452.  4S2, 
Teli-oftaurx.  Arctie,  73S. 
Tel(iH«auru<<  Tieilninnni,  tf>!.* 
Telerpeton  KIcinetuw,  208.* 
TcUoKtd.  27H.^ 

the  pure  fl«h  tyix-.  590. 
'  first  i<|KTie»  of.  lliL 

niDfce  of,  in  time,  572. 

in  the  Crotacooua,  473, 


Tellost*  In  the  Tertiary,  526. 
Tellina  eulcui )'  i.  .'i.">- 

Ui-(M-nlan<iira. 
TeiMiKTMture,  laiiMM   deter- ! 
niininK-  ilh. 
of  tho  clohe.  mean,  ifi, 
of  tho  octwn,  ^ 
8oe  CUM.\TC. 
Tenneiwce,  fault*  in,  407. 
rock-i  of.  UK4. 
Aioic  in,  137. 
CiirlKiiiiferonn  in,  23!L 
Hamilton  in.  -21^2. 
Ix^wrr  Siluri.iii  iu,  228. 
I'otMlam  In.  IT.'i. 
8ulK-arlH>nifenju«  In,  308. 
Tertiary  in.  SUiL 
Trenton  in.  2fWj  207. 
Tontarulitc  linientone,  252. 
TentJicnlite*,  ^ifl. 

ornatug,  2M,  254.* 
HcalariM,  'J75. 
Teredo  tihialin,  470. 
Terei.ratella,  IhlJf 
Terebratula,  lt)l.*>  308.  309, 
4iid. 
di^ona,  jlfiL 
diphyn,  4«3.5. 
elongnta,  370. 
flmbrin,  4M. 
llarlani.  4"4,*  470. 
haKtata,  .TTRT 
ImproMKa.  ITiO.* 
nuniiimiHliH,  4ftl. 
perovaliM. 
rimoMi,  4<'.4 
Kpiiuma,  44U. 
Bubtilita,  ."US  * 
variant,  4»k'i. 
vulgari*.  i^li.  4.18. 
range  of.  in  time,  4.V1. 
Tcrehratuliv  common  in  tho 

Tertiary,  S£2SL 
Tercbratulinii.  lSl.»g 
plicala,  iUinia. 
Terebrinwtra,  I**!.} 
TerinatofuturuK,  4;i8. 
Tennitow,  428. 
Terrace  epoch  in  Anieriri..^.''4 


lain),  166J 

:r7ft: — 


epoch,  results  of,  to  Ame- 
rica, ihl^ 
epoch,  relatlonii  to  tho 

Aj?c  of  Man,  554.  .577. 
ep«xh  in  Kumpe, 
Terraces  of  river*,  lakea,  ami 
iiea-«hor««H.  547.  554. 
in  Great  llriuiin,  658. 
formation  of,  665.* 
Terricola,  lo.Vg 
Tertiary  period.  50B. 
N.  Ameriran,  6£lfi. 
N.  American,   map  of, 

foreiffii, 

ge>if:raphlcal  progrom  In, 

and  Po«t-tertlary,  cvcnta 

of.  sm. 
an<l    Pi  «t -tertiary,  con- 
tratt  in.  ftr.8. 
Tcstndo  in  U.  MlMouri,  ^22. 
Athui.  b2&. 
Culbertsonii,  MS. 


Tectndn  liemlitpherka,  &19. 

lata.  fillL 

Oweni,  ilfi. 
Tetrabninchlaln), 
Tetrad  ecit|MMLt, 

flnt  of,  _ZL 

range  of,  in  time,  4Q!L 
Tetnulium,  l^iU^ 

flbrnnum,  2a).* 
Tetragonolepiii,  4.'>5.* 
TextiUria  globuloaa, 
414. 

MisiourtenHiM.  474. 
Texas,  Carboniforonn  in,  224. 

Cretiiceous  in.  470. 

I'otadam  in.  Hi. 

gnbcarlwniferon*  in,  dSA 

Tertiary  in,  HiL. 
Teutonic  iieriod.  ti82L 
ThallogiMiH,  HVi.l 
TImnet  mndx.  bii. 
Tlieca  grepirea,  IW.* 

priinordiiiliii.  1S7. 
Thecidea.  firnt  of,4£i3. 
Tlieeidium.  1M.*J 
Thectidon  t  ^.  :U<'.j 

ranm»  of.  in  time,  STi. 

flnil  of.  374.  311L 
Thecodontcmatir.  ;Uf>.{ 
Thvc<.idonto(4iuniii;  Trlaaric, 
43fl. 

Thenantpni  lieterodacfylns, 

a.10 

Tliermal  »pring».  411. 699,110. 

Thrif-ioiw,  >7tf.* 
Tliurinfna,  Pemtian  in,  3!UL 
Tliylacinu^  4J4.g 
Tliylacoleo.  424.j} 
Thylac«>theriuni  Broderipli, 

4'Cl,  if.-'  * 
TiaropSR"14S.*J 
Tiburtine. 

Tided  and  tTiIal  mrrenU,  652. 
Till,  74J 

Time,  length  of  geological, 

Tlme-rntiod,  Cenorok,  56S. 

MenoziMr,  4il3. 

I'aliroitoir,  ahfi. 
TItanotheriuni  tieds,  filiL 

Proutii.  .VUi.  510.*  521.. 
TItoII  travertine  Iteda,  iiL 
Tonrciaji  Krou|>,  449. 
Tcngrian  Kruup,  £23. 
Topaz.  5<'.g* 

Topographical  eflccta  of  ero* 

aion,  iiisiL 
Tourmaline.  :t»Jf* 
Toxaxter  complanatoa,  4SL 

elegans.  474,  4Hi. 
Toxocera*.  473.g 

bitulwrculattu, 
Track*.   ?<»e  Fiwrrmm. 
Trachelomonaa  leYia,  QSO^ 
Trachyte. 
Trap,  'm± 

at  Dike   Superior,  lw» 
IPO. 

difitribntiiin  and  Ihnii*' 

tion  of.  "02. 
in  l\>ti«lam  i>eriod,  174. 
minerals  uf  Nova  ScoUa, 


» 
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Trap  in  Triiuaic  of  Connecticat 

Tallej,  etc.,  iM. 
Trnvertine.  H^J  201,  OA. 
Traxitc*,  aiiilj 
Trcc't,  rrcct  in  roc  km  n2fl.* 
in   A  relic  Po«t-tertlafy 

bed*.  isiL 
Tree-ferns, 
Trem.it  Li.  l>U.*i| 
Treiuatodi'M.-us  Koolnckii, 

Tremnlito.  flO.g 
Trontoii  cpoFhl  2Qfi. 
pcrlml.  iiliu 

poriol.  Iinrmtono  of,  con- 
tAinini{  oncini^mi,  222. 
Tr^totitrriiiiiu  |)unctrttum.^<H. 
Tri  trllinu  Uwki\.  ILL. 
Triangle  p«<ri'>l,  UA. 

Anicriokii,  not  marino, 
UL 

Apierican,  coal  in,  417. 

American,  life  oC  417. 

Anicric.in,  general  Uctt 
of.  itL 

foreign, 
Tricoratiuni  itl»tu4uin,  61^L 
Trichoni  tnitei.  Itoo. 
TriconiMlon  iiiorUiix,  iSSL 
Trigoniii,  ttr^t  of,  ioiL 

aliformii,  4S7. 

Bronnii.  i:^ 

cUv.'ll  it:i.  4.V>.*  iaiL 

Omratli.  44«.« 

c<K<tatii,  4<>4 

clonKitii,  ilU. 

lirnbiitiM,  ^1. 

Ii>ni;u-i.  ^sZ. 

miiric'tta,  J£Sl 

vuliririi*.  4S"*. 
Triton  K  irpuin,  .1:17.?  356. 

tri  'ii!i|)i<t.ituni,  i^iL* 
TrUobttfK,  rliiiructerifltics  of, 
154.?  iss  j 

a   coniprvhemiTo  typo, 
.V.«7. 

extinction  of.  1^3^ 
ntUK"  of.  In  Ume,  iUL 
spinoux,  :££L 
Trilootilinti  JuMophlna,  1(V4  * 
Trini>l.t4l,  mlnonU  oil  of.  T.Vt. 
TrlnnclfiM  concentrictu,  1^15.* 

Trionrx  lUkcwellL  ML 

Kocene,  .^17. 
TroclmlUm  Ammooltu,  214.* 

Tn>piilt>loptus  carinattu,  2SA.f 
Tryjron.  '£!9.i 
Ttil>ic..linsll 
Tiif.i.  luj  LLi 
TnfiirC.>nfH7ti»S.* 
Tullr  liniettono,  tWl. 
Tnnicatfti,  LoIJ 
Tuotuey  A  Iloimos,  on  PIIo- 
cene  of  8.  Carolin*,  &1L 
Tarbellari«.  l.V).? 
TurbinelU  V^ltwni,  ML 
Turbinuliii  canliftTA,  fiU. 
Turbo  Kihb(Miu«,  iM. 

•nbpllcAtuii,  4fJ. 
Turooiau  group,  ;lSiL 


TurrilitM,  473.1 

BnizcK-UKiM,  US. 

catcnjitu!«.  4^.^  * 
Turrit<-lla  cHtinata,  517.* 

eru!>a,  btti. 
Tunwodu*.  427 ■ 
Turtles,  mi  ilL. 

flrwt  oT^liiffll 

nuige  of,  in  time,  512. 

in  the  American  Tertiary, 
blh. 

Tyndall  on  glaciers,  673. 

C74,  fiia. 
Types,  comprebensiTe,  208, 

3{Vi.  .Vk),  Ztl»iL 
culminntion  of,  400, 

4'.N'>.  67^  ifltL  jIEL 
extinction  <>C  3v<7, 598.  CQL 
range  of  different.  400. 56B. 

f.7J- 

Tyaoo,  P.  T.,  on  Cycad*  in 
Maryland,  iLL 

Ulodendron,  366. 

Ulster  lend  and  cupper  mines, 

Umbril  nericn,  380. 
UncittH.  1^2.} 

Uricttnformnble  strata,  111  j 

Un  liT-clay.  3:^?.?   

Un  lividi'd  tvpiH,  3964 
t'nuulHtcH.  4h.i 
L'ni^lite  jfht.  'AiL 
Unio  Liii'MinU'j.  446. 

pri-icm,  * 

ViiMeniis,  4«U  * 
United  .States,  cual  areas  in, 
:t24. 

Oeological  ninp  ot  l-t-'t 
Unity  in  tliu  life  of  the  dilTer- 

ent  iige.i.  fitW, 
Uniralvi'!!. 

Un-»tnitifl.  cl  rocks,  11741 
Uplift,  CiucinuAti,  axis  ui;  330. 
Uplift-*,  103.? 

See  Klevatiox. 
Upper  Siluriiin.     See  SlLV- 

Urals,  eleviitiou  oi;  ZSX 
Ure-Ox.  oS(), 
Ur»u»<,  &i>4 

sjK'la-UH,  or  CaTe  Bear, 

■^.v■^■« 

Utah,  8u)>carbonlferotu  in, 

.Til*:. 

Utica  ahale,  21L 

Valley,  anticlinal,  10&  Z22. 
of  erooion,  B31L 
geoclinal,  7 '22 
mom^linnl,  720,  7M- 
ftyncliiuil,  105,  LSt 
Valleys,    formation    oll|  by 
riTers.  63&. 
formation  oC  ttirongfa  pli- 
cations, 7'>j 
Vanaxcm  on  plicated  clayey 

layers,  71fi. 
Varanus  Niloticns,  HSL 
VegeuMe  kingilom,  165.1 
kingduin.  relation  to  ani- 
mal, 747. 
rrmains.   See  I>LAXTa. 


Veins,  natHrc  and  forms  of 
lltf.?  I  JO.* 

alterations  of.  714. 

fiiUltincHof.  I  JO. 

fornMtiou  of.  ILL 

of  l^ike  Superior  region, 
origin  uf,  712. 

fal.»e,  ySi.j 
Tenericardia  planicoat*,  61L. 

n>tntxl;L,  .M7. 
Venus  cancel  lata,  &2L 

ca{iax,  ;'i21 . 

ditforniix,  52L 

mercenaria.  52L 
Vergf  nt  series,  3>^0. 
Vermont,  Eoliau  limestone  In, 
31iL 

fossil  fruits  of  Brandon, 

Potit<lam  in,  114. 

Trenton  In.  SJi 

UpiKT  Helderbergln,270. 
Vcmeuil,  on  conimcncemeut 

of  Devonian,  2i;s. 
Vertebrate  types,  range  o( 

Vertcbmtes.  15L  152J 
rank  nf  earliest,  3&1L 
(Imt  of.  aiL 
first  Amorican,2Ii 
nuud>er  nf  living,  57&. 

Vi>«iH'rtilio.  f.27.|  52a. 

Vespertine  i>eries,  .'^80. 

Vesnviux,  lUML 

VicksburK  e|KKh,  506.508. 617. 
Vienna,  Miocene  plants  ol^ 

525,i(aL 
Virginia.  Curboniferotu  in, 

CntHkill  in.  2l2. 

Clinton  in.  JM. 

Cretuceuus  in.  4<19. 

fiuiltM  in.  4(17  7Jn. 

llnmilton  in.  ^ 

IIudm<n  in.  21  s. 

Lower  llt  liKrlM.Tcin.2-52. 

Medina  in.  iSil 

MilNtone  grit  in,  322. 

monorlinul  ftnltH  in,  L&L 

Oneida  in.  2m 

Orixkany  in,  JM^ 

FotMlam  in,  175. 

8ul>cHrb»nifi-r<ius  in,  SQfi. 

Tertiary  in,  vjOT,  510,  511. 

thermal  springs  in,  411. 

Triassic  in,  41>}. 
Vlverra,  52».g 
Viripara  Khi riorum,  4fi4.< 

Leal.  51 :  « 

ret  USA,  517  * 
Volcanic  cones.  OSL. 
Vulcanoet.  nature  and  action 
of,tiS5.  _ 
ource  ut,  700. 

active,  in    the  Fadflc, 

dlstribntion  of,  fiS&. 

evidence  from,  of  internal 
heat  of  gl(>l»e,  ii&X 
Voluta,  first  of.  4M. 

dumo!ta,  517. 

petrosa,  .SK. 
Volutilithei  iKtrusa,  UL 
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VorticcllA  group,  749.j 
Voltxi*    )i<tin>piijnii,  410, 

WM-ke,  74J  aSLi 

liiiiifumiUTSi? 
WHldht'iiiiin,  m.*2 
Walua,  CKrl>oiiirrn>u8  in,  353. 

(liHturlNtiu'oi  ill,  41'.i- 

8uL>carb()uifcriiu8  in,  318. 

Triaiwic  io, 
Walniti,  i-TUj 

WiUTeti,  nltcletOD  of  Masto- 
don. 663. 

Wnrmw  liiiiextuno,  307. 

Wiufaita  liniMlonc.  470. 

Water,  aa  a  dynaniioU  Agent, 
Kg. 

force  of  running,  650. 
See,    farther,  Riters, 

OCKAXd,  OtAaKHK. 

Waters  of  ocean,  sitccific  gra- 
vity oC  GSiL 
suttterrnncnn,  5M. 
Watorliiiif  gruup, 
W»vi»-nmrl4(*, 

Wavfn,  forro  and  nrtion  ot, 

rt64.       <V)7.*  tan, 
Wavcrly  NandHtonc,  '^-s. 
Way.  J.  M„  dixroruriett  by,  T.'jO. 
W.mid  clay.  448. 
Woalden  opocb.  447. 
Wear.    Soo  KRoaiow. 
Wfjtsel.  4 -"J.? 
Wella,  Art^an, 


Wenlock  groap,  2>W. 

West  Indies,  trends  of  Islands 

in,  'iSL 

We«t«m  interior  region,  413» 

I(ilan<l*, 
Wlialv,  4:234 
WhalfN,  foMil, 

flrst  of,  473. 

range  of,  in  time,  &72. 
Wbeatlry,  on  Trloaeic  Rep- 
tiles, i2L 
White,  M.  C,  on  Prutophytes, 
etc.,  in  bonutone,  'J!iO, 

aiL 

^^liite  Mts.,  of  Devonian  age. 

m 

Oak  Mountain  sandstone. 

River  gronp,  609,  filik 
Whittl<*eya,  3iifi. 
Wincbell.  A.,  on  Alabama 
Cretaceous.  470. 
on  rocks  of  Micbigao, 
380. 

Wind  River  groap,  510. 
Winnipeg  LAk<>.  r.  Silnrian 
fomila  at,  'Jii. 

Trenton  at.  '^XL 
Wisconsin.  Onlrifuroos  lo,lZ& 

Cbar.y  in,  atf. 

ainton  in.  itL 

It'ad-niinf.H  4  if.  Ji7. 

PotMiain  ill,  174. 

Trenton  in.  'J06. 

UpiMT  Ilelderberg  In,  270. 

upliftii  in.  304. 
Wombat, 


Wood,  composition  oC  SSL 
decompiMitioa  of.  3^ 
Woodville  Miud^toae,  SSL 
Wooilwaniitea,  ilii. 
Woi>lwicb  beds, 
Wonu-hulea  in  I'urtage  beds, 

•2m. 

in  Potsdam  beds, 

laL 
Worms,  ILQJ 

rangpof,  in  time,  iSL. 
Worthen.  A.  U.,  on  ruclu  of 

Illinois.  ;fi£L 

Xanthidla,  2L*  4SL 

.Xiphodon.  l>£.*4 
Xylobiua  Sign&rias,  Stt.* 

YoMialimatnla,^.* 
Yorktown  «-|ioch,  W6.510,&21. 

Zamla,  41B.*| 

ZaphrentiA  bllateralia.  23ftJ 

gignntea,  151].  S3.* 

IlaflncM]uii,  '/T.^.* 
Zencrino*  ( legaos,  312£ 
ZrchKtcin.  372. 
Zeolites.  U2.| 

origin  of,  715. 

foniiml  in  a  brick  wall  at 
Plonibi^res,  Ilfi. 
Zeuglodun  cet<iidos,  515  j  517,* 

Zones  of  depth.  Car  oceaoie 

species,  fiOS. 
Zygobatcs,  in  California,  a2L 


TH£  END. 
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